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ADENO-ASSOCIATED VIRUS VECTORS 
ENCODING FACTOR VIII AND METHODS OF USING THE SAME 

FIELD OF THE INVENTION 
This invention relates to reagents and methods for providing Factor VIII, and 
more particularly relates to viral reagents and methods for providing Factor VIII. 

BACKGROUND OF THE INVENTION 
5 Hemophilia A is an inherited sex-linked bleeding disease resulting from 

deficiency of coagulation factor VIII (factor VIII). Hemophilia A comprises the 
majority of hemophilia patients (80%) with an incidence of 1 in 5-10,000 live males 
births (Antonarakis et al ( 1 998) Haemophilia 4: 1 ). Hemophilia patients suffer from 
spontaneous bleeding into the large joints, soft tissue, and are at risk for intracranial 
10 hemorrhage. Recurrent episodes of joint bleeding are the most frequent manifestation 
of the disease leading to crippling arthropathy, particularly in severely affected 
patients. 

Gene therapy is an attractive alternative for the treatment of hemophiUa A 
patients. Persistent expression of human factor VIII would make a profound impact 

15 on treatment of hemophilia A patients, even at levels less than therapeutic levels 

(approximately equal to or greater than 5% of normal). Both retroviral and adenoviral 
vectors have been used to deliver factor VIII cDNA (Dwarki et al. (1995) Proc. Nat 
Acad Sci. USA P2:1023; Connelly et al. (1998) Blood 97:3273; Connelly et al (1996) 
Blood 57:4671). Moloney murine leukemia virus (MoMLv) amphotropic vectors 

20 suffer from poor transduction of post-mitotic cells (Dwarki et al (1995) Proc. Nat, 
Acad. ScL USA P2:1023). Adenovirus carrying the human factor VIII cDNA directed 
to the liver express high-level factor VIII in animal models. However expression 
wanes with time due to the well-characterized cell-mediated immune response to the 
vector (Connelly etal (1996) Blood 87:4671; Connelly et al (1996) 5W 55: 3 846). 

25 Such immune responses can have serious consequences to the recipient. Immune 

responses result in inflammation, cell death, and even death of the patient. 

Adeno-associated virus is a nonpathogenic defective parvovirus capable of 

infecting a broad range of mitotic or post-mitotic cells (Rabinowitz et al (1998) 

1 
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Current Opinion in Biotechnology 9:470). rAAV has been shown to be capable of 
expressing a functional FIX gene persistently in a large animal model (Snyder et al 
(1999) Nature Medicine 5:64), where factor VIII and FIX are synthesized (Wion et al 
( 1 985) Nature 31 7:726; Zelechowska et al ( 1 985) Nature 31 7:729). 
5 A disadvantage of rAAV vectors is their restricted packaging capacity (Dong 

et al (1996) Human Gene Therapy, 7:2101). Wild-type (wt) AAV is a 4.6 kb linear 
single-stranded DNA virus. The total size of the AAV vector influences the efficiency 
of its packaging into AAV virions. Dong et al determined the packaging efficiencies 
of AAV vectors by quantitating the DNA content of viral particles and assaying the 

10 efficiency of AAV virions to transfer the CAT gene into HeLa cells. Efficient 

packaging as determined by Dong et al, includes particles that contain and express the 
transgene. The results demonstrate that the packaging efficiency of AAV is affected 
by the length of the genome. 

The human factor VIII gene comprises a central B domain core flanked by the 

1 5 amino Al and A2 domains and carboxyl A3, CI , and C2 domains. The B domain can 
be deleted without any significant effect on specific procoagulant activity (Pittman et 
al (1993) Blood 81:2925). However, even B-domain deleted human factor VIII 
cDNA (B-domain deleted human factor VIII) is not thought feasible for testing in 
rAAV (Pittman etal (1993) Blood 81:2925), as its 4.4 kb size is beheved to preclude 

20 its efficient packaging within the limited confines of a rAAV vector (Kay and High 
(1999) Proc. Natl Acad ScL USA P6:9973). Thus, it is felt that production of high- 
titer AAV B-domain deleted human factor VIII vector would be very difficult (Kay 
and Russell (1999) Blood 94:S64). 

Somatic cell gene therapy to treat hemophilia A is further complicated by 

25 difficulties attendant to expression of the factor VIII gene. Persistent human factor 
VIII expression has been demonstrated to be hampered by poor transcription 
efficiency of the human factor VIII gene (Connelly et al (1996} Blood P7:3846; 
Rabinowitz et al (1 998) Current Opinion in Biotechnology P:470), inefficient 
secretion of factor VIII protein (Snyder et al (1999) Nature Medicine i:64; Wion et 

30 al(\ 985) Nature 31 7:726>, and the relatively short half-life of the factor VIII protein 
(ti/2 12 hours; Wion et al (1985) Nature 31 7:726; Zelechowska et al (1 985) Nature 
377:729). 



2 
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Accordingly, there remains a need in the art for improved reagents and 
methods for treating hemophilia A. 



SUMMARY OF THE INVENTION 
5 Compositions and methods for the expression of a biologically active factor 

VIII (factor VIII) protein in a subject are provided. The compositions and methods 
are useful in the treatment of coagulation disorders, particularly hemophilia A, in a 
subject. The compositions include a recombinant AAV (rAAV) vector comprising a 
nucleotide sequence encoding B-domain deleted factor VIII operably linked with at 

1 0 least one enhancer and at least one promoter. In some embodiments, the AAV ITR is 
operably linked to the nucleotide sequence encoding the B-domain deleted factor 
Vlfl, such that the ITR drives the expression of the B-domain deleted factor VIII 
transgene. The vector may also comprise a transcription factor binding site and/or a 
termination region. Optionally, spacer DNA can be included within the cassette. The 

15 rAAV vector of the invention encodes a biologically-active B-domain deleted factor 
VIII protein that may be administered in vivo to achieve long-term expression of 
therapeutic levels of factor VIII protein. Accordingly, the present invention utilizes 
the many advantages of rAAV vectors, while overcoming the constraints imposed by 
the limited packaging capacity of the AAV capsid. 

20 Another aspect of the invention is an rAAV vector comprising a heterologous 

nucleotide sequence encoding a B-domain deleted factor VIII selected from the group 
consisting of: (a> about nucleotides 419 to 4835 of Figure 1 (also shown in SEQ ID 
N0:1), (b) a nucleotide sequence that hybridizes to the nucleotide sequence of (a) 
under conditions of high stringency and which encodes a B-domain deleted factor 

25 VIII, and (c) a nucleotide sequence that that differs from the nucleotide sequences of 
(a) and (b) above due to the degeneracy of the genetic code, and which encodes a B- 
domain deleted factor VIII. 

The invention also provides methods of delivering a heterologous nucleotide 
sequence encoding B-domain deleted factor VIII to cells in vitro and in vivo, 

30 Accordingly in one embodiment, a method is provided for delivering a nucleotide 
sequence encoding B-doamin deleted factor VIII to a cell, the method comprising 
contacting the cell with a rAAV vector comprising a heterologous nucleotide 
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sequence encoding factor VIII operably linked with a liver-preferred expression 
control element. The contacting may be carried out in vitro or in vivo. 

A further embodiment is a method of delivering a nucleotide sequence 
encoding a B-domain deleted factor VIII to a cell comprising contacting the cell with 
5 the rAAV vector of the invention. The rAAV vector comprising a heterologous 

nucleotide sequence encoding a B-domain deleted factor VIII selected from the group 
consisting of: (a>about nucleotides 419 to 4835 of Figure 1 (also shown in SEQ ID 
N0:1), (b) a nucleotide sequence that hybridizes to the nucleotide sequence of (a) 
under conditions of high stringency and which encodes a B-domain deleted factor 
1 0 VIII, and (c) a nucleotide sequence that differs from the nucleotide sequences of (a) 
and (b) above due to the degeneracy of the genetic code, and which encodes a B- 
domain deleted factor VIII. 

In yet a further aspect, the present invention provides a method of treating 
hemophilia A comprising administering to a hemophiliac subject a biologically 
1 5 effective amount of a rAAV vector comprising a heterologous nucleotide sequence 
encoding B-domain deleted factor VIII. Preferably, the encoded B-domain deleted 
factor VIII is expressed in a therapeutically effective amount. 

In a further embodiment, the invention provides a method of treating 
hemophilia comprising administering a biologically effective amount of a rAAV 
20 comprising a heterologous nucleotide sequence encoding B-domain deleted factor 
VIII to a liver cell of a hemophiliac subject. Preferably, the encoded B-domain 
deleted factor VIII is expressed by the transduced liver cell and is secreted into the 
blood in a therapeutically effective amount. 

As a still further embodiment, the present invention provides a method of 
25 administering factor VIII to a subject comprising administering a cell expressing 

factor VIII to the subject, wherein the cell has been produced by a method comprising 
contacting the cell with a recombinant adeno-associated virus (AAV) vector of the 
invention. 

The present invention further provides a method of producing a high-titer 
30 stock of a rAAV vector comprising: (a) infecting a packaging cell with a rAAV vector 
comprising a heterologous nucleotide sequence encoding factor VIII, (b) allowing the 
rAAV genome to replicate and be encapsidated by the packaging cell, and (c) 
collecting the rAAV particles to form a rAAV stock. As indicated, the heterologous 

4 
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nucleotide sequence encoding B domain deleted factor VIII is operably linked with a 
liver-preferred expression control element. Also provided are high-titer virus stocks 
produced by the foregoing method. 

Methods for the production of a stable cell line by infection with the rAAV 
5 vector of the invention are also provided. Such cell Unes are generated by 

transfection with vector, selection, followed by cloning of individual colonies. Clones 
exhibiting high level replication of vector are then tested for production of infectious 
vector. The cell line is capable of expressing B domain deleted VIII. 

Another aspect of the invention is a nucleotide sequence encoding factor VIII 
1 0 operably linked vsdth a hepatitis virus expression control element. In some 

embodiments, this expression control element is from hepatitis B and comprises at 
least one of the enhancers selected from the hepatitis Enhl enhancer and the Enhll 
enhancer. The nucleotide sequence may further comprise at least one promoter and a 
polyadenylation sequence. In some embodiments, at least one promter is an AAV 
1 5 ITR. The invention also encompasses vectors comprising the nucleotide sequence 
encoding factor VIII operably linked with a hepatitis virus expression control element, 
and host cells containing this vector. 

These and other aspects of the present invention are provided in more detail in 

the description of the invention below. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 provides the sequence of plasmid pDLZ6 encoding a human B- 
domain deleted factor VIII. This sequence is also set forth in SEQ ID N0:1 . The 
expression cassette includes the left and right AAV inverted terminal repeats GTR; 
25 about nucleotides 1-146 and 4916-5084), the hepatitis B virus Enhl enhancer (about 
nucleotides 150-278), spacer sequence (nucleotides 279-399), human B-domain 
deleted factor VIll (about nucleotides 419-4835), and the TK poly(A) sequence (about 
nucleotides 4840-4914). The amino acid sequence for human B-domain deleted 
factor VIII encoded by nucleotides 419-4835 (SEQ ID N0:2) is also shown. 
30 Figure 2 is a schematic representation of the rAAV/B-domain deleted human 

factor VIII constructs. The maps for the two rAAV constructs expressing B-domain 
deleted human factor VIII are shown: pDLZ2 (4965 bp including 2 ITRs, 107% of wt- 
AAV) and pDLZ6 (5089 bp including 2 ITRs, 109% of wt-AAV). ITR, AAV inverted 

5 
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terminal repeat; Enhl, Enhancer I of the HBV; NCS, spacer sequence; P(A), TK 
polyadenylation sequence. 

Figure 3 shows the replication and packaging of rAAV/B-domain deleted 
human factor VIII. Low molecular weight DNA (Hirt DNA) was isolated from 

5 rAAV/DLZ2, DLZ6, and DLZ8 (control) transduced HeLa and HepG2 cells, 
separated by agarose gel, and probed with B-domain deleted human factor VIII 
cDNA. From right to left: Control Lane, 1- HepG2+ rAAV/DLZ8; 2- HeLa + 
rAAV/DLZ8; DLZ2: 1- HeLa + rAAV/DLZ2; 2- HepG2 + rAAV/DLZ2; DLZ6: 1- 
HeLa + rAAV/DLZ6; 2- HepG2 + rAAV/DLZ6; and uncoated rAAV/DLZ6 virion 

10 DNA. 

Figure 4 is a graphical representation of in vivo expression of rAAV/B-domain 
deleted human factor VIII in mice. Purified rAAV/DLZ6 virus was administered to 
the mice via the portal vein. ELISA was employed to determine human factor VIII 
level in the plasma and BIA was utilized to measure anti-human factor VIII inhibitor 
1 5 titer. Panel A. B-domain deleted human factor VIII antigen level and anti-human 
factor VIII inhibitor titer in the plasma of the mice (n=4) receiving 2 x lO" 
rAAV/DLZ6. Panel B. B-domain deleted human factor VIII antigen measurement of 
NOD/scid mice (n=4) receiving 1 .5x10 ' ' rAAV/DLZ6. Solid line: human factor VIII 
antigen level, Dashed line: anti-B-domain deleted human factor VIII inhibitor titer. 
20 Figure 5 presents molecular analysis of the mice receiving injection of 

rAAV/DLZ6. Panel A. Diagram of the primers designed for the PGR. Panel B. DNA 
PGR- rAAV vectors distribution in mice via portal vein injection. A rAAV/DLZ6 
unique 450 bp fragment was amplified by DNA PGR to test distribution of rAAV 
after hepatic injection. Negative control, Liver DNA of the control mouse. DNA 
25 samples of brain, spinal cord, muscle, bone marrow, heart, lungs, testis, lymph nodes, 
kidney, intestine, spleen from the mouse receiving high dose rAAV/DLZ6. Liver/LD: 
liver DNA from mouse receiving low dose rAAV/DLZ6. Liver HD: liver DNA from 
mouse receiving high dose rAAV/DLZ6. Standard curve- genomic DNA from 
control mouse liver with 5, 1, 0.2, 0.1, 0.01 and 0 genome copy equivalents of 
30 plasmid pDLZ6 per cell, respectively. Panel G. Diagram of the primers designed for 
RT/PGR. Panel D. RT-PGR analysis of total RNA isolated from control and 
experimental animals. Primers were designed to amplify a 534 bp B-domain deleted- 
human factor VIII specific fragment. RT control employed RNA isolated from the 
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mouse liver receiving high dose rAAV/DLZ6. The negative control used RNA 

isolated from control animal. RNA samples of muscle, brain, lymph nodes, testis, 

kidney and spleen were from the mouse receiving high dose rAAV/DLZ6. LD: liver 

RNA isolated from mouse receiving low dose AAV/DLZ6. HD: liver RNA isolated 

5 from mouse receiving high dose rAAV/DLZ6. Panel E. Diagram of the restriction 
digestion using Sph I. Panel F. Southern blot analysis of high molecular weight 
genomic DNA and Hirt DNA isolated from experimental animals. Standard curve: 
genomic DNA from control mouse liver with 5, 1, 0.2, and 0.02 genome copy 
equivalents of plasmid pDLZ6 per cell, respectively. HMW genomic DNA and low 

1 0 molecular vrt liver DNA (HIRT) isolated from animals receiving high dose 
rAAV/DLZ6. 

Figure 6 provides the sequence of plasmid pDLZlO (SEQ ID N0:3) encoding 
a canine B-domain deleted factor VIII. The expression cassette includes the left and 
right AAV inverted terminal repeats (ITR; nucleotides 1-144 and 4885-5048), the 
15 hepatitis B virus Enhl enhancer (nucleotides. 149-278), spacer sequence (nucleotides 
279-399), canine B-domain deleted factor VIII (about nucleotides 428-4790), and the 
TK poly(A) sequence (nucleotides 4804-4884). The amino acid sequence for canine 
B-domain deleted factor VIII encoded by nucleotides 428-4790 is also shown in this 
figure and in SEQ ID NO:4. 

20 

DETAILED DESCRIPTION OF THE INVENTION 
The invention provides compositions and methods to alleviate the symptoms 
associated with factor VIII deficiency. Compositions include rAAV vectors 
comprising a nucleotide sequence encoding a B-domain deleted factor VIII protein 
25 operably linked with at least one enhancer and at least one promoter. In some 
embodiments, the vector comprises a liver-preferred expression control element. 
Spacer DNA and a 3' termination region may be optionally included within the 
cassette. 

While the invention is not bound by any mechanism of action, it is believed 
30 that in the prefened embodiments, the ITR region or regions of the AAV serves as a 
promoter to drive expression of the factor VIII nucleotide sequence. That is, at least 
one of the inverted terminal repeats (ITRs) found at each end of the AAV genome is 
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used to drive expression of the B-domain deleted factor VIII sequence. See, for 
example, US Patent No. 5,866,696, herein incorporated in its entirety by reference. 

The following definitions are provided to be used to understand the invention 
as set forth herein and in the attached claims. 
5 An "expression control element" is a polynucleotide sequence, preferably a 

DMA sequence, which increases transcription of an operably linked or operably linked 
polynucleotide in a host cell that allows that expression control element to function. 
An expression control element can comprise an enhancer, promoter, and/or a 
transcription factor binding site. A liver-preferred transcriptional regulatory element 
10 is an expression control element that increases transcription of an operably linked 
polynucleotide sequence in a liver cell in comparison with a non-liver cell. 

"Factor Vlll-associated disorders" are those disorders or diseases that are 
associated with, result from, and/or occur in response to, insufficient levels of factor 
VIII. Such disorders include, but are not limited to, hemophilia A. 
15- The terms "polypeptide" "peptide" and "protein" are used interchangeably 

herein to refer to polymers of amino acids of any length. The terms also encompass 
an amino acid polymer that has been modified; for example, disulfide bond formation, 
glycosylation, lipidation, or conjugation with a labeling component. 

The terms "polynucleotide", "nucleotide sequence", and "nucleic acid", used 
20 interchangeably herein, refer to a polymeric form of nucleotides of any length, 
including deoxyribonucleotides or ribonucleotides, or analogs thereof A 
polynucleotide may comprise modified nucleotides, such as methylated nucleotides 
and nucleotide analogs, and may be interrupted by non-nucleotide components. If 
present, modifications to the nucleotide structure may be imparted before or after 
25 assembly of the polymer. The term polynucleotide, as used herein, refers 

interchangeably to double- and single-stranded molecules. Unless otherwise specified 
or required, any embodiment of the invention described herein that is a polynucleotide 
encompasses both the double-stranded form and each of two complementary 
single-stranded forms known or predicted to make up the double-stranded form. 
30 "AAV" is an abbreviation for adeno-associated virus, and may be used to refer 

to the virus itself or derivatives thereof The term covers all subtypes and both 
naturally occurring and recombinant forms, except where required otherwise. "AAV" 
refers to adeno-associated virus in both the wild-type and the recombinant form 

8 
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(rAAV) and encompasses mutant forms of AAV. The term AAV further includes, but 
is not limited to, AAV type 1, AAV type 2, AAV type 3, AAV type 4, AAV type 5, 
AAV type 6, AAV type 7, avian AAV, bovine AAV, canine AAV, equine AAV, and 
ovine AAV (see. e.g.. Fields et ai. Volume 2, Chapter 69 (3d ed., Lippincott-Raven 
5 Publishers;: In a preferred embodiment, the AAV used in the present invention is 
AAV type 2. 

By "adeno-associated virus inverted terminal repeats" or "AAV ITRs" is 
meant the palindromic regions found at each end of the AAV genome. The ITRs 
function together in cis as origins of DNA replication and as packaging signals for the 
10 virus. For use with the present invention, flanking AAV ITRs are positioned 5' and 3' 
of a cassette comprising a B domain deleted factor VIII coding sequence operably 
linked with an enhancer and optionally spacer DNA or promoter elements. In some 
embodiments, the AAV ITR is operably linked to the B-domain deleted factor VIII 
encoding nucleotide sequence such that it drives expression of this sequence. 
15 The nucleotide sequences of AAV ITR regions are known. See, e.g., Kotin, R. 

M. (1994) Human Gene Therapy 5:793-801; Bems, "Parvoviridae and Their 
Replication," in Fundamental Virology, 2d ed. (ed. Fields and Knipe>for the AAV-2 
sequence. As used herein, an "AAV ITR" need not have the wild-type nucleotide 
sequence depicted, but may be altered, e.g., by the insertion, deletion or substitution 
20 of nucleotides. Additionally, the AAV ITR may be derived from any of several AAV • 
serotypes, including without limitation, AAV-1 , AAV-2, AAV-3, AAV-4, AAV-5, 
AAV-6, AAV-7, etc. The 5' and 3' ITRs flanking a selected heterologous nucleotide 
sequence comprising a factor VIII coding sequence need not necessarily be identical 
or derived from the same AAV serotype or isolate, so long as they function as 
25 intended, i.e., to allow for the integration of the associated heterologous sequence into 
the target cell genome when the rep gene is present (either on the same or on a 
different vector), or when the Rep expression product is present in the target cell. 
Recent evidence suggests that a single ITR can be sufficient to carry out the functions 
normally associated with configurations comprising two ITRs (U.S. Patent 5,478745), 
30 and vector constructs with only one ITR can thus be employed in conjunction with the 
packaging and production methods described herein. 

A "biologically effective" amount of an rAAV vector of the invention is an 
amount that is sufficient to result in transduction and expression of the heterologous 
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nucleotide sequence encoding the B-domain deleted factor VIII by at least one cell in 

the target tissue or organ. 

An "rAAV vector", "rAAV virus", or "rAAV viral particle" as used herein 
contains at least one AAV capsid protein (preferably by all of the capsid proteins of a 
5. wild-type AAV) and an encapsidated rAAV comprising a polynucleotide sequence 
not of AAV origin (i.e., a polynucleotide heterologous to AAV), typically a sequence 
of interest for the genetic transformation of a cell. The heterologous polynucleotide is 
flanked by at least one, preferably two, AAV inverted terminal repeat sequences 
(ITI^). 

10 "Packaging" refers to a series of intracellular events that result in the 

assembly and encapsidation of an AAV particle or rAAV particle. In the case of the 
rAAV particle, packaging refers to the assembly and encapsidation of the rAAV 
particle including the transgene. 

AAV "re-/?" and ' W genes refer to polynucleotide sequences encoding 
15 replication and encapsidation proteins of adeno-associated vkus. They have been 
found in all AAV serotypes examined, and are described below and in the art. AAV 
rep and cap are referred to herein as AAV "packaging genes". 

A "helper virus" for AAV refers to a virus that allows AAV to be replicated 
and packaged by a mammalian cell. A variety of such helper viruses for AAV are 
20 known in the art, including adenoviruses, herpesviruses and poxviruses such as ; 
vaccinia. The adenoviruses encompass a number of different subgroups, although 
Adenovirus type 5 of subgroup C is most commonly used. Numerous adenoviruses of 
human, non-human mammalian and avian origin are known and available from 
depositories such as the ATCC. Viruses of the herpes family include, for example, 
25 herpes simplex viruses (HSV) and Epstein-Barr viruses (EBV), as well as 

cytomegaloviruses (CMV) and pseudorabies viruses.(PRV); which are also available 

from depositories such as ATCC. 

An "infectious" virus or viral particle is one that comprises a polynucleotide 
component which it is capable of delivering into a cell for which the viral species is 
30 trophic. The term does not necessarily imply any replication capacity of the virus. 
Assays for counting infectious viral particles are described in the art. 

A "replication-competent" virus (e.g., a replication-competent AAV, 
sometimes abbreviated as "RCA") refers to a phenotypically wild-type virus that is 

10 
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infectious, and is also capable of being replicated in an infected cell {Le., in the 
presence of a helper virus or helper virus functions). In the case of AAV. replication 
competence generally requires the presence of functional AAV packaging genes. 
Preferred rAAV vectors as described herein are replication-incompetent in 

5 mammalian cells (especially in human cells) by virtue of the lack of one or more 
AAV packaging genes. Preferably, such rAAV vectors lack any AAV packaging 
gene sequences in order to minimize the possibility that RCA are generated by 
recombination between AAV packaging genes and an rAAV vector. 

A "gene" refers to a polynucleotide containing at least one open reading frame 

1 0 that is capable of encoding a particular protein after being transcribed and translated. 

"Expression", as used herein, refers to the transcription and/or translation of a 

gene. 

"Recombinant", as applied to a polynucleotide means that the polynucleotide 
is the product of various combinations of cloning, restriction or ligation steps, and 
1 5 other procedures that result in a construct that is distinct from a polynucleotide found 
in nature. A recombinant virus is a viral particle comprising a recombinant 
polynucleotide. The terms respectively include replicates of the original 
polynucleotide construct and progeny of the original virus construct. 

"Operatively linked" or "operably linked" or "operably associated" refers to a 
20 juxtapositionof geneticelements, whereintheelementsareinarelationship 
permitting them to operate in the expected manner. For instance, a promoter is 
operably linked to a coding region if the promoter helps initiate transcription of the 
coding sequence. There may be intervening residues between the promoter and 
coding region so long as this functional relationship is maintained. 
25 "Heterologous" means derived from a genotypically distinct entity from that 

of the rest of the entity to which it is being compared. For example, a polynucleotide 
introduced by genetic engineering techniques into a plasmid or vector derived from a 
different species is a heterologous polynucleotide. A promoter removed from its 
native coding sequence and operably linked to a coding sequence with which it is not 
30 naturally found linked is a heterologous promoter. 

"Genetic dteration" refers to a process wherein a genetic element is 
introduced into a cell other than by mitosis or meiosis. The element may be 
heterologous to the cell, or it may be an additional copy or improved version of an 
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element already present in the cell. Genetic alteration may be effected, for example, 
by transfecting a cell with a recombinant plasmid or other polynucleotide through any 
process known in the art, such as electroporation, calcium phosphate precipitation, or 
contacting with a polynucleotide-liposome complex. Genetic alteration may also be 
5 effected, for example, by transduction or infection with a DNA or RNA virus or viral 
vector. Preferably, the genetic element is introduced into a chromosome or mini- 
chromosome in the cell; but any alteration that changes the phenotype and/or 
genotype of the cell and its progeny is included in this term. 

A cell is said to be "stably" altered, transduced, or transformed with a genetic 
10 sequence if the sequence is available to perform its function during extended culture 
of the cell in vitro. In preferred examples, such a cell is "inheritably" altered in that a 
genetic alteration is introduced which is also inheritable by progeny of the altered cell. 

"Stable integration" of a polynucleotide into a cell means that the 
polynucleotide has been integrated into a replicon that tends to be stably maintained 
1 5 in the cell. Although episomes such as plasmids can sometimes be maintained for 

many generations, genetic material carried episomally is generally more susceptible to 
loss than chromosomally-integrated material. However, maintenance of a 
polynucleotide can often be effected by incorporating a selectable marker into or 
adjacent to a polynucleotide, and then maintaining cells carrying the polynucleotide 
20 under selective pressure. In some cases, sequences cannot be effectively maintained 
stably unless they have become integrated into a chromosome; and, therefore, 
selection for retention of a sequence comprising a selectable marker can result in the 
selection of cells in which the marker has become stably-integrated into a 
chromosome. Antibiotic resistance genes can be conveniently employed as such 
25 selectable markers, as is well known in the art. Typically, stably-integrated 

polynucleotides would be expected to be maintained on average for at least about 
twenty generations, preferably at least about one hundred generations, still more 
preferably they would be maintained permanently. The chromatin structure of 
eukaryotic chromosomes can also influence the level of expression of an integrated 
30 polynucleotide. Having the genes carried on stably-maintained episomes can be 
particularly useful where it is desired to have multiple stably-maintained copies of a 
particular gene. The selection of stable cell lines having properties that are 
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particularly desirable in the context of the present invention are described and 
illustrated below. 

An "isolated" plasmid, virus, or other substance refers to a preparation of the 
substance devoid of at least some of the other components that may also be present 
5 where the substance or a similar substance naturally occurs or is initially prepared 
from. Thus, for example, an isolated substance may be prepared by using a 
purification technique to enrich it from a source mixture. Enrichment can be 
measured on an absolute basis, such as weight per volume of solution, or it can be 
measured in relation to a second, potentially interfering substance present in the 
10 source mixture. Increasing enrichments of the embodiments of this invention are 
increasingly more preferred. Thus, for example, a 2-fold enrichmem is preferred, 
10-fold enrichmem is more preferred, 100-fold enrichment is more preferred, 
1000-fold enrichment is even more preferred. 

A preparation of rAAV is said to be "substantially free" of helper virus if the 
15 ratio of infectious rAAV particles to infectious helper virus particles is at least about 
10^1; preferably at least about 10^1, more preferably at least about 10^1; still more 
preferably at least about 10«:1 . Preparations are also preferably free of equivalent 
amounts of helper vims proteins {i.e., proteins as would be presem as a result of such 
^ a level of helper virus if the helper virus particle impurities noted above were present 
20 in disrupted form). Viral and/or cellular protein contamination can generally be 
observed as the presence of Coomassie staining bands on SDS gels (e.g. the 
appearance of bands other than those corresponding to the AAV capsid proteins VPl, 
VP2 and VP3). 

A "host cell" includes an individual cell or cell culture which can be or has 
25 been a recipient for vector(s) or for incorporation of polynucleotides and/or proteins. 
Host cells include progeny of a single host cell, and the progeny may not necessarily 
be completely identical (in morphology or in genomic of total DNA complement) to 
the original parent cell due to natural, accidental, or deliberate mutation. A host cell 
includes cells transfected in vivo with a polynucleotide(s) of this invention. 
30 By "liver cell" is imended any cell type found in liver organs, including, but 

not limited to parenchyma cells, nonparenchyma cells, endothelial cells, epithelial 
cells, etc. 
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"Transformation" or "transfection" refers to the insertion of an exogenous 
polynucleotide into a host cell irrespective of the method used for the insertion, for 
example, lipofection, transduction, infection or electroporation. The exogenous 
polynucleotide may be maintained as a non-integrated vector, for example, a plasmid, 
5 or alternatively, may be integrated into the host cell genome. 

An "individual" or "subject" refers to vertebrates, particularly members of a 
mammalian species, and includes, but is not limited to, domestic animals, sports 
animals, rodents and primates, including humans. 

As used herein, "in conjunction with" refers to administration of one treatment 
1 0 modality in addition to another treatment modality, such as administration of an 
rAAV as described herein to a subject in addition to the delivery of factor Vlll (in 
polypeptide form) to the same subject. As such, "in conjunction with" refers to 
administration of one treatment modality before, during or after delivery of the other 
treatment modality to the subject. 
1 5 As used herein, "treatment" is an approach for obtaining beneficial or desired 

clinical results. For purposes of this invention, beneficial or desired clinical results 
include, but are not limited to, alleviation of at least one symptom, diminishment of 
extent of disease, stabilized (i.e., not worsening) state of disease, preventing spread of 
disease, delay or slowing of disease progression, amelioration or palliation of the 
20 disease state, and remission (whether partial or total), whether detectable or 
undetectable. "Treatment" can also mean prolonging survival as compared to 
expected survival if not receiving treatment. 

A "biological sample" encompasses a variety of sample types obtained from 
an individual and can be used in a diagnostic or monitoring assay. The definition 
25 encompasses blood and other liquid samples of biological origin, solid tissue samples 
such as a biopsy specimen or tissue cultures or cells derived therefrom, and the 
progeny thereof. The definition also includes samples that have been manipulated in 
any way after their procurement, such as by treatment with reagents, solubiUzation, or 
enrichment for certain components, such as proteins or polynucleotides. The term 
30 "biological sample" encompasses a clinical sample, and also includes cells in culture, 
cell supematants, cell lysates. serum, plasma, biological fluid, and tissue samples. 

"Palliating" a disease means that the extent and/or undesirable clinical 
manifestations of a disease state are lessened and/or time course of the progression is 
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slowed or lengthened, as compared to not administering rAAV vectors of the present 
invention. 

As indicated, spacer DNA may be included within the construct of the 
invention. By "spacer DNA" is intended nonsense DNA that does not encode a 
5 protein and does not act as a promoter or promoter element. That is, spacer DNA may 
be utilized to provide any spatial requirements for the expression of the factor VIII 
nucleic acid molecule. The size or length of the spacer DNA may varj- from a few 
nucleotides to several hundred nucleotides. The length of the spacer DNA will be 
limited by the size of the nucleotide sequence of the factor VIII to be expressed and 
1 0 the enhancer element, recognizing the size limitations of the rAAV vector. 

By "titer" is intended the number of infectious viral units per volume of fluid. 
By "high titer rAAV stock" is intended a stock of viral particles as produced 
from a production system, without artificial manipulation. "Without artificial 
manipulation" means that the number of viral particles has not been manipulated by 
15 pooling, multiple runs, or other concentration means. For purposes of the invention, 
one plate of cells, having about 2x10^ cells, will generate approximately 2 to 3xlO" 
particles. These numbers can be scaled up appropriately. Of the number of viral 
particles produced, 1% will be functional virus. That is, 1 in 100 will express the 
factor VIII protein. Thus, approximately 2x10^ infectious virus particles in the 
20 preparation are functional. About 90 - 1 00%, of these express the transgene. 

By "infectious units" is intended the smallest unit that causes a detectable 
effect when placed with a susceptible host. Assays for the determination of infectious 
units are known. For example, in one method used in the invention, virus is replicated 
on reporter cells in the presence of adenovirus and wild type AAV. After replication, 
25 DNA is obtained from the cells, probed for factor VIII coding sequence. In this 
manner, the number of rAAV in the cells can be determined. 

To measure the total number of particles, cells can be probed with a viral 
nucleotide sequence. In the methods of the invention, the rAAV/factor VIII vector 
comprises about 90 to 99.9%, preferably about 99 to about 99.99% of the total 
30 particles. Wild type virus accounts for less than .0 1 % of the total particles. Of these 
99.9% of the particles obtained, 1 in 100, or 1% will be functional virus, that is will 
be virus that expresses the B-domain deleted factor VIII transgene. 
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The present invention is based, in part, on the unexpected finding that a 
biologically active B-domain deleted factor Vlll -encoding nucleotide sequence is 
efficiently packaged in a recombinant AAV (rAAV) vector. Administration of the 
rAAV vector carrying a B-domain deleted human factor VIII (BDD human factor 
5 VIII) under the control of a liver-prefened enhancer element to mice resulted in long- 
term expression (> 14 months) of B-domain deleted human factor VIII by the liver 
and therapeutic levels of B-domain deleted human factor VIII protein (-27% of 
normal) in the plasma of treated animals. Accordingly, the present invention provides 
novel reagents and methods for the treatment of hemophilia A using a rAAV vector 

10 for gene delivery. 

A rAAV vector is an AAV virus particle that carries a heterologous (i.e., 
foreign) gene in its genome. rAAV vectors require at least one of the 145 base 
terminal repeats in cis of the 4679 wild type bases to generate virus. All other viral 
sequences are dispensable and may be supplied in trans (Muzyczka, (1992) Curr. 
15 Topics Microbiol. Immunol. 158:91). Typically, rAAV vectors will only retain the 
minimal terminal repeat sequences so as to maximize the size of the transgene that 
can be efficiently packaged by the vector. 

As used herein, "infection" or "transduction" of a cell by AAV means that the 
AAV enters the cell to establish a latent or active infection. See, e.g.. Fields et al, 
20 Firo/ogy, Volume 2, Chapter 69 (3d ed.,Lippincott-Raven Publishers). In 

embodiments of the invention in which the AAV is administered to a subject, it is 
preferred that the AAV integrates into the genome and establishes a latent infection. 
However, such integration is not required for expression of a transgene carried by a 
rAAV vector as the vector can persist stably as an episome in transduced cells. 
25 Except as otherwise indicated, standard methods may be used for the 

construction of rAAV vectors, helper vectors, and cells according to the present 
invention. Such techniques, are knovra to those skilled in the art {see, e.g. , Sambrook 
et al. (1989) Molecular Cloning: A Laboratory Manual (2d ed.. Cold Spring Harbor 
Laboratory Press, Plainview, NY); Aububel et al. i\99Sy Current Protocols in 
30 Molecular Biology (Green Publishing Associates, Inc. and John Wiley & Sons, Inc., 
NY). 
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A. rAAV Vectors Encoding B-domain Deleted Factor VIII. 

The present invention provides a construct encoding a biologically-active B- 
domain deleted factor VIII that can be efficiently packaged, delivered, and expressed 
5 using a rAAV vector. In some embodiments, an AAV ITR comprised in the rAAV 
vector drives expression of the B-domain deleted factor VIII nucleotide sequence 
without an additional promoter. The rAAV vectors of the invention include at least 
one enhancer and at least one promoter to promote expression. rAAV/factor VIII 
vectors according to the present invention may be produced in sufficient titers to 
10 permit administration to cells and subjects for the production of the encoded B- 
domain deleted factor VIll protein or for therapeutic treatment (for veterinary or 
medical uses, e.g., to enhance blood coagulation or to treat hemophilia A). 

These results are unexpected in light of the known packaging limitations of 
AAV vectors. These limitations place constraints on the size of the heterologous 
1 5 nucleotide sequences and/or expression control elements that may be efficiently 

packaged by the AAV capsid {see. e.g., Russell et al. (1999) Blood 94:864; Chuah et 
al. (1998) Critical Review in Oncology/Hematology 25:153). 

The full-length factor VIII gene is 186 kb in length and encodes a 9029 
nucleotide mRNA. A cDNA encoding the full-length factor VIII would greatly 
20 exceed the packaging capacity of rAAV vectors. It has been found that the B domain 
is not necessary for factor VHI function. Deletion of the sequences encoding the B- 
domain produces an approximately 4.4 to 4.6 kb cDNA B-domain deleted factor VIII. 
The art teaches that even this smaller construct could not be efficiently packaged and 
expressed using a rAAV vector because of the challenge of adding adequate 
25 expression control elements.(e.g. , promoters, enhancers, poly(A) site) for high-level 
expression without exceeding the size limitations for high titer production in AAV 
(Russell et al. ((1999) Blood 94:%(A, at page 868, col. 1, para. 2). 

Accordingly, it was quite surprising that the present inventors achieved an 
efficient packaging of the recombinant vector such that a high titer rAAV/B-domain 
30 deleted human factor VIII stock was achieved. Particularly in view of the fact that the 
rAAV vector used a transgene expression cassette that was 109% of wild-type (5084 
bp). Moreover, this B-domain deleted human factor VIII vector is expressed long- 
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term and at high levels by hepatocytes in vivo and produces therapeutic levels of B- 
domain deleted human factor VIII protein in plasma of treated animals. 

As indicated the present invention provides rAAV vectors carrying a 
heterologous nucleotide sequence encoding a biologically active B-domain deleted 
5 factor VIII. The nucleotide sequence encoding the B-domain deleted factor VIII may 
be from any species, including avian and mammalian species. Preferably, the B- 
domain deleted factor VIII is mammalian (e.g., mouse, rat, lagomorph, feline, canine, 
bovine, porcine, ovine, caprine, equine, simian, human, and the like), more preferably 
the B-domain deleted factor VIII is a human B-domain deleted factor VIII. As a 
10 further alternative, the B-domain deleted factor VIII may an inter-species hybrid, as 
described below. The nucleotide sequences may also be a synthetic sequence. 
Variants and fragments of the B-domain deleted factor VIII sequence are also 
encompassed, so long as they retain factor VIII biological activity. 

The biologically active B-domain deleted factor VIII coding sequences must 
15 be sufficiently small so that they can be packaged by AAV. It is preferred that the 
size of the B-domain deleted factor VIII transgene construct be about 4.8 kb or 
shorter, more preferably about 4.7 kb or shorter, yet more preferably about 4.6 kb or 
shorter, yet more preferably about 4.5 kb or shorter, still more preferably less than 
about 4.4 kb or shorter. 
20 Alternatively stated, it is preferred that the B-domain deleted factor VIII 

transgene cassette (i.e., including ITRs and other expression control elements) is 
about 5.2 kb or shorter, about 5.1 kb or shorter, about 5.0 kb or shorter, about 4.9 kb 
or shorter, 4.8 kb or shorter, about 4.7 kb or shorter, about 4.5 kb or shorter, or about 
4.4 kb or shorter. The B-domain deleted factor VIII transgene cassette is of a size that 
25 can be efficiently packaged to produce rAAV stocks. 

The B-domain deleted factor VIII transgene may be truncated and/or deleted 
to achieve the size described above. Any truncation and/or deletion kno^v•n in the art 
may be employed as long as the expressed B-domain deleted factor VIII protein 
retains sufficient biological activity {e.g., coagulation). By "sufficient biological 
30 activity", is intended that the B-domain deleted factor VIII possesses enough activity 
to be of use in vitro and/or in vivo. Preferably, the expressed truncated and/or deleted 
B-domain deleted factor VIII retains at least about 25%, about 50%, about 75%, about 
85%, about 90%, about 95%, about 98%, about 99% or more of the biological activity 
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of the native factor VIII protein. Assays for determining factor VIII biological 
activity are well known in the art and include those assays described herein. See also 
Praetor and Rapaport (1961) Blood 72:335 for a description of the one-stage clotting 
assay for determining specific activity of factor VIII. Factor VIII activity may also be 
5 measured in a chromogenic assay (Kabi Coatest; Kabi Vitrurus, Stockholm, Sweden). 

In preferred embodiments, the B-domain deleted factor VIII constructs of the 
present invention will contain deletions in the nucleotide sequences encoding the B- 
domain. Nucleotide sequences encoding portions or all of the B-domain can be 
deleted to minimize transgene size. The constructs of the invention may retain some 
1 0 nucleotide sequences from the B-domain deleted region as a resuh of the cloning 
strategy employed. The amino acid sequence of one human B-domain deleted factor 
VIII is provided herein in Figure 1 and in SEQ ID N0:2, and is encoded by 
nucleotides 419 to 4835 of the nucleotide sequence shown in this figure and in SEQ 
ID N0:1 . B-domain-deleted factor VIII mutant has deleted residues 760 through 
15 1639 (factor VIII 760-1639) (Pittman et al. (1993) Blood 77:2925. Other B-domain 
deleted factor VIII are known in the art and include those encoded by the factor 
VIIIA756-1679 and factor VIIIA761-1639 constructs described by Gnatenko et al. 
(1999) Br. J. Haemotology 104:27, and the factor VIII 746-1639 construct described 
by 111 et al. (1997) Blood Coagulation and Fibrinofylsis 5:523. See also U.S. Patent 
20 No. 5,9 1 0,48 1 , where several B-domain deleted mutants are described. The invention 
fiirther provides a canine construct having the amino acid sequence set forth in Figure 
6 and SEQ ID N0:4. The canine B-domain deleted factor VIII (B-domain deleted- 
canine factor VIII) mutant protein is encoded by nucleotides 428-4790 of the 
nucleotide sequence set forth in Figure 6 (SEQ ID N0:3). This construct also has 
25 residues 760-1 639 deleted from the B-domain. Variants and fragments of the B- 

domain deleted human factor VIII and B-domain deleted canine factor VIII nucleotide 
sequences are also encompassed by the present invention. 

In some embodiments, the expression cassette and/or the nucleotide sequence 
encoding B-domain deleted factor VIII has been modified to increase, for example, 
30 the efficiency of transcription and/or translation of the B-domain deleted factor VIII 
transgene. Such modifications are known in the art and are described, for example, in 
111 etal. (\997y Blood Coagul. Fibrinolysis 8(suppl. 2):S23-S30, herein incorporated 
by reference. 
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In other embodiments of the invention, the nucleotide sequence encoding the 
biologically active B-domain deleted factor VIII is substantially identical to the sequence 
given as about nucleotides 419 to 4835 of Figure 1 (SEQ ID N0:1) or to the sequence 
given as about nucleotides 428-4790 of Figure 6 (SEQ ID N0:3), and encodes a 
5 biologically-active or therapeutically effective B-domain deleted factor VIII . This 
definition is intended to include natural allelic variations in the factor VIII gene. B- 
domain deleted factor VIII according to this embodiment may come from any species 
of origin, or may be a hybrid, each as described above. As used herein, nucleotide 
sequences that are "substantially identical" are at least 75%, and more preferably at least 
1 0 80%, 85%, 90%, 95%, or even 99% identical or more, that is they share at least 75%, 
and more preferably at least 80%, 85%, 90%, 95%, or even 99% identity or more with 
the disclosed sequences. Sequence identity may be determined by methods described 
elsewhere herein. 

High stringency hybridization conditions which will permit substantially 
1 5 identical nucleotide sequences to hybridize are well known in the art. For example, 
hybridization of homologous nucleotide sequences to the sequence given as about 
nucleotides 419-4835 of the sequence shown in Figure 1 (SEQ ID N0:1> or to the 
sequence given as about nucleotides 428-4790 of the sequence shown in Figure 6 (SEQ 
ID N0:3) may be carried out in 25% forraamide, 5X SSC, 5X Denhardt's solution, with 
20 1 00 ^ig/ml of single stranded DNA and 5% dextran sulfate at 42°C for 4, 8, or 1 2 hours, 
with wash conditions of 25% formamide, 5X SSC, 0.1% SDS at 42°C for 15 minutes, to 
allow hybridization of sequences of about 60% homology. More stringent conditions are 
represented by a wash stringency of 0.3M NaCL 0.03 M sodium citrate, 0.1% SDS at 
60° or even 70° C using a standard in situ hybridization assay. See Sambrook et 
25 a/. ( 1 989) Molecular Cloning: A Laboratory Manual (2d ed.. Cold Spring Harbor 
Laboratory Press, Plainview, NY). 

Those skilled in the art will appreciate that the B-domain deleted factor VIII 
construct may contain other modifications as long as the expressed B-domain deleted 
factor VIII retains sufficient biological activity (as described above). For example, 
30 the B-domain deleted factor VIII protein may be modified to enhance biological 

activity, extend the half-Hfe of the protein, or reduce antigenic responses in recipients 
being administered the B-domain deleted factor VIII {see, e.g., Kaufman et al. (1998) 
Haemophilia •^:370, the disclosure of which is incorporated herein in its entirety). As 
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a further alternative, the B-domain deleted factor VIII may be an inter-species hybrid. 
For example, human/porcine hybrids of factor VIII have been described by U.S. 
Patent No. 5,583,209 (the disclosure of which is incorporated herein in its entirety). 
Likewise, domain swaps between factor V and factor VIII have produced hybrids 
5 with increased half-life and/or biological activity. 

Suitable biologically active variants of a native or naturally occurring protein 
or polypeptide of interest can be fragments, analogues, and derivatives of that 
polypeptide. By "fragment" is intended a polypeptide consisting of only a part of the 
intact polypeptide sequence and structure, and can be a C-terminal deletion or N- 
10 terminal deletion of the native polypeptide. By '^analogue" is intended an analogue of 
either the native polypeptide or of a fragment of the native polypeptide, where the 
analogue comprises a native polypeptide sequence and structure having one or more 
amino acid substitutions, insertions, or deletions. By "derivative" is intended any 
suitable modification of the native protein or polypeptide of interest, of a fragment of 
1 5 the native protein or polypeptide, or of their respective analogues, such as 

glycosylation, phosphorylation, or other addition of foreign moieties, so long as the 
desired biological activity of the native protein or polypeptide is retained. Methods for 
making such fragments, analogues, and derivatives are generally available in the art. 
For example, amino acid sequence variants of the protein or polypeptide can 
20 be prepared by mutations in the cloned DNA sequence encoding the native protein or 
polypeptide of interest. Methods for mutagenesis and nucleotide sequence alterations 
are well known in the art. See, for example. Walker and Gaastra, eds. (1983) 
Techniques in Molecular Biology (MacMillan Publishing Company, New York); 
Kunkel (1985) Proc. Natl. Acad, ScL USA 82:488-492; Kunkel et al (1987) Methods 
25 EnzymoL 154:367-382; Sambrook et al (1989) Molecular Cloning: A Laboratory 
Manual (Cold Spring Harbor, New York); U.S. Patent No. 4,873,192; and the 
references cited therein; herein incorporated by reference. Guidance as to appropriate 
amino acid substitutions that do not affect biological activity of the polypeptide of 
interest may be found in the model of Dayhoff al (1978) in Atlas of Protein 
30 Sequence and Structure (Natl. Biomed. Res. Found., Washington, D.C.), herein 

incorporated by reference. Conservative substitutions, such as exchanging one amino 
acid with another having similar properties, may be preferred. Examples of 
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conservative substitutions include, but are not limited to, Gly<=>Ala, Val<=>Ile<:=>Leu, 
Aspc:>Glu, LysoArg, AsnoGln, and Phe<:>TrpoTyr. 

In constructing variants of the protein or polypeptide of interest, modifications 
are made such that variants continue to possess the desired activity. Obviously, any 
5 mutations made in the DNA encoding the variant protein or polypeptide must not 
place the sequence out of reading frame and preferably v^ill not create complementary 
regions that could produce secondary mRNA structure. See EP Patent Application 
Publication No. 75,444. 

Biologically active variants of a protein or polypeptide of interest will 
10 generally have at least 70%, preferably at least 80%, more preferably about 90% to 
95% or more, and most preferably about 98% or more amino acid sequence identity to 
the amino acid sequence of the reference polypeptide molecule, which serves as the 
basis for comparison. A biologically active variant of a native polypeptide of interest 
may differ from the native polypeptide by as few as 1-15 amino acids, as few as 1-10^ 
15 such as 6-10, as few as 5, as few as 4, 3, 2, or even 1 amino acid residue. By 

"sequence identity" is intended the same amino acid residues are found within the 
variant protein or polypeptide and the protein or polypeptide molecule that serves as a 
reference when a specified, contiguous segment of the amino acid sequence of the 
variant is aligned and compared to the amino acid sequence of the reference molecule. 
20 The percentage sequence identity between two amino acid sequences is calculated by 
determining the number of positions at which the identical amino acid residue occurs 
in both sequences to yield the number of matched positions, dividing the number of 
matched positions by the total number of positions in the segment undergoing 
comparison to the reference molecule, and muhiplying the result by 100 to yield the 
25 percentage of sequence identity. 

For purposes of optimal alignment of the two sequences, the contiguous 
segment of the amino acid sequence of the variant may have additional amino acid 
residues or deleted amino acid residues with respect to the amino acid sequence of the 
reference molecule. The contiguous segment used for comparison to the reference 
30 amino acid sequence will comprise at least twenty (20) contiguous amino acid 
residues, and may be 30, 40, 50, 1 00, or more residues. Corrections for increased 
sequence identity associated with inclusion of gaps in the variant's amino acid 
sequence can be made by assigning gap penahies. Methods of sequence alignment are 
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well known in the art for both amino acid sequences and for the nucleotide sequences 
encoding amino acid sequences. 

Thus, the determination of percent identity between any two sequences can be 
accomplished using a mathematical algorithm. One preferred, non-limhing example 
5 of a mathematical algorithm utilized for the comparison of sequences is the algorithm 
of Myers and Miller (1 988) CABIOS 4: 11-17. Such an algorithm is utilized in the 
ALIGN program (version 2.0), which is part of the GCG sequence alignment software 
package. A PAM120 weight residue table, a gap length penalty of 12, and a gap 
penalty of 4 can be used with the ALIGN program when comparing amino acid 
1 0 sequences. Another prefenred, nonlimiting example of a mathematical algorithm for 
use in comparing two sequences is the algorithm of Karlin and Altschul {1990} Proc. 
Natl. Acad Sci. USA 87:2264, modified as in Karlin and Altschul (1993) Proc. Natl. 
Acad. Sci. USA 90:5873-5877. Such an algorithm is incorporated into the NBLAST 
and XBLAST programs of Altschul et al. (1990) J. Mol. Biol. 215:403. BLAST 
15 nucleotide searches can be performed with the NBLAST program, score = 100, 

wordlength = 12, to obtain nucleotide sequences homologous to a nucleotide sequence 
encoding the polypeptide of interest. BLAST protein searches can be performed with 
the XBLAST program, score = 50, wordlength = 3, to obtain amino acid sequences 
homologous to the polypeptide of interest. To obtain gapped alignments for 
20 comparison purposes. Gapped BLAST can be utilized as described in Altschul et al . 
(1997) Nucleic Acids Res. 25:3389. Alternatively, PSI-Blast can be used to perform 
an iterated search that detects distant relationships between molecules. See Altschul 
et al. (1997) supra. When utilizing BLAST, Gapped BLAST, and PSI-Blast 
programs, the defauh parameters of the respective programs (e.g., XBLAST and 
25 NBLAST) can be used. 5ee http://www.ncbi.nlm.nih.gov. Also see the ALIGN 
program (Dayhoff (1978) in Atlas of Protein Sequence and Structure 5:Suppl. 3 
(National Biomedical Research Foundation, Washington, D.C.) and programs in the 
Wisconsin Sequence Analysis Package, Version 8 (available from Genetics Computer 
Group, Madison, Wisconsin), for example, the GAP program, where default 
30 parameters of the programs are utilized. 

When considering percentage of amino acid sequence identity, some amino 
acid residue positions may differ as a result of conservative amino acid substitutions, 
which do not affect properties of protein function. In these instances, percent 
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sequence identity may be adjusted upwards to account for the similarity in 
conservatively substituted amino acids. Such adjustments are well iaiown in the art. 
See, for example, Myers and Miller (1988) Computer Applic. Biol Sci. 4:1 1-17. 
Those skilled in the art will appreciate that a variety of expression control 

5 elements (e.g. , promoter and/or transcription factor binding sites and/or enhancers) 
may be operably linked with the heterologous nucleotide sequence encoding the B- 
domain deleted factor VIII depending on the level and tissue-preferred expression 
desired. As noted above, generally, the expression control element will comprise at 
least one enhancer element. However, it is recognized that a promoter or promoter 

1 0 element may also be included in the cassette. 

Selection of promoters or promoter elements is based in part on size. Small or 
minimal promoters may be preferred due to the packaging size constraints imposed by 
the AAV vector. 

A variety of promoters may be used in the r AAV vectors of the invention, 
1 5 provided the size constraints noted above are met. These include,>ut are not limited 
to, the herpes simplex virus thymidine kinase or thymidylate synthase promoters 
(Merrill (1989) Proc. Natl. Acad. Sci. USA 5(5:4987, Deng et al (1989) Mo/. Cell 
Biol P:4079), the hepatitis B virus core promoter (see, for example, Kramvis and 
Kew (1999) J. Viral Hepat. 6:415-427), the human Ul snRNA promoter (see, for 
20 example, Asselbergs and Pronk (1993)Mo/. Biol Rep. 17:101-1 14), the mouse 
minimal albumin promoter with proximal elements (see, for example Pinkert et al 
(1987) Genes Dev. 1:268-276), the promoters described in the PCT publication 
WO09920773 (herein incorporated by reference), the minimal cytomegalovirus major 
immediate early promoter, the early and late SV40 promoters, the adenovirus major 
25 late promoter, the alpha- or beta-interferon promoters, event or tissue preferred 
promoters, etc. Promoters may be chosen so as to potently drive expression or to 
produce relatively weak expression, as desired. 

In one embodiment, rAAV vectors of the invention comprise B-domain 
deleted factor VIII coding sequences under the transcriptional control of a liver- 
30 preferred enhancer element, and an event-specific promoter, such that upon activation 
of the event-specific promoter the gene of interest encoded by the B-domain deleted 
factor VIII nucleic acid molecule is expressed. As used herein, an "event-specific 
promoter" is a promoter that is activated upon under certain cellular conditions. 

24 
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Numerous event-specific promoters may be utilized within the context of the present 
invention, including, without limitation, promoters which are activated by cellular 
proliferation (or are otherwise cell-cycle dependent) such as the thymidine kinase or 
thymidylate synthase promoters, or the transferrin receptor promoter, which will be 
5 transcriptionally active primarily in rapidly proliferating cells (such as hematopoietic 
cells) that contain factors capable of activating transcription from these promoters 
preferentially to express and secrete B-domain deleted factor VIII into the blood 
stream; promoters such as the alpha- or beta-interferon promoters, which are activated 
when a cell is infected by a virus (Fan and Maniatis (19^9) EMBO J. 5:101; 
10 Goodboum et al. (1986) Cell 45:601); and promoters that are activated by the 

presence of hormones, e.g., estrogen response promoters. See Toohey et al. (1986) 
Mol. Cell. Biol, 6:4526. 

In another embodiment, rAAV vectors of the invention comprise the B- 
domain deleted factor VIII gene under the transcriptional control of a liver-preferred 
1 5 enhancer and a liver-preferred promoter, such tha.t upon activation of the liver- 
prefened promoter, the B-domain deleted factor VIII gene is expressed. 
Representative examples of such liver-prefened promoters include, but are not limited 
to Phospho-Enol-Pyruvate Carboxy-Kinase ("PEPCK") (Hat2oglou et a/.(1988>J. 
Biol. Chem. 265:17798; Benvenistye/ a/. (1989) ?roc. Natl. Acad. Sci. USA 56:1118; 
20 Vaulont et al. (1989) Mo/. Cell. Biol. 6:4409), the alcohol dehydrogenase promoter 
(Felder (1989) Proc. Natl. Acad Sci. USA 56:5903), and the albumin promoter and 
the alphafetoprotein promoter (Feuerman et al. (1989) Mol Cell. Biol. P:4204; 
Camper and Tilghman (1989) Genes Develop: 5:537). 

The present invention also encompasses embodiments in which the rAAV 
25 vectors contain promoter elements that are binding sites for specific transcription 

factors These promoter elements are referred to herein as "transcription factor binding 
sites." The transcription factors that bind these sites may be ubiquitous or tissue- 
preferred. Non-limiting examples of binding sites for ubiquitous transcription factors 
include the TATA box (TATAAAA), which binds TFIID; the CAAT box 
30 (GGCCAATCT), which binds CTF/NF; the GC box (GGGCGG), which binds SPl , 
and the ATF box (GTGACGT), which binds ATF. Non-limiting examples of tissue- 
preferred transcription factor binding sites include the liver-preferred CAAT box 
binding sites for C/EBP proteins (optimal palindrome GATTGCGCAATC; set forth 

25 
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in SEQ ID N0:5); the binding sites for HNFl, HNF3, and HNF4 (see, for example, 
Costa and Grayson (1991) Nucleci Acids Res. 19:4139-4145); and the binding site for 
TGT3 (see, for example, Chiang et al. (1992) Biochim. Biophys. Acta 1 132:337-339). 
In some embodiments of the invention, the expression control element 
5 comprises an enhancer for liver-preferred expression of the transgene. Non-limiting 
examples of such enhancers encompassed by the present invention include the al 
microglobulin/bikunin enhancer (see, for example, Rouet et al. (1992) J. Biol. Chem. 
267:20765029773), the hepatitis B virus Enhl (e.g. nucleotides 150-278 of Figure 1 or 
SEQ ID N0:1 and Guo et al. (1991) J. Virol. 65:6686-6692) and Enhll (Gustin et al. 
10 (1993) Virology 193(2):653-60) enhancers, the human albumin E1.7 and £5 enhancers 
(Hayashi et al. (1992) J. Biol. Chem. 267:14580-14585), and the human 
cytomegalovirus immediate early gene enhancer (Boshart et al. (1985) Cell 41 :521- 
530). 

While any expression control element(s) known in the art may be employed, 
1 5 those skilled in the art will understand that the expression control eleraent(s) 

employed will preferably comply with the size constraints described for AAV vectors. 

In addition, the rAAV vectors of the invention may contain polyadenylation 
signals operably linked with the heterologous nucleic acid sequence(s) to be delivered 
to the target cell. These polyadenylation sequences preferably conform to the size 
20 limitations described above. Prefen-ed polyadenylation comprise less than about 1 00 
bp. In one embodiment, the poladenylation signal is a synthetic polyadenylation 
signal (see, for example WO09920773, herein incorporated by reference). 

In one embodiment of the invention, the B-doraain deleted factor VIII 
transgene cassette is as shown in Figure 1 (SEQ ID N0:1). This construct includes 
25 the left and right AAV terminal repeats and, in the 5' to 3' direction, the hepatitis B 
virus Enhl enhancer (nt 150-278), spacer sequence (nt 279-399), a B-domain deleted 
human factor VIII coding region (nt 419-4835), and the TK polyadenylation sequence 
(nt 4840-4914). 

30 B. Methods of Producing rAAV Stocks. 

There are at least three desirable features of an rAAV virus preparation for use 
in gene transfer. First, it is preferred that the rAAV virus should be generated at titers 
sufficiently high to transduce an effective proportion of cells in the target tissue. A 
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high number of r AAV infectious units are typically required for gene transfer irt vivo. 
For example, some treatments may require in excess of about 10^ particles, about 10^ 
particles, about 10^** particles, about lO'* particles, about 10*^ particles, about 10^^ 
particles, about lO*"* particles, about 10*' particles. Second, it is preferred that the 
5 rAAV virus preparations should be essentially free of replication-competent AAV 
{i.e., phenotypically wild-type AAV which can be replicated in the presence of helper 
virus or helper virus functions). Third, it is preferred that the rAAV virus preparation 
as a whole be essentially free of other viruses (such as a helper virus used in AAV 
production>as well as helper virus and cellular proteins, and other components such 
10 as lipids and carbohydrates, so as to minimize or eliminate any risk of generating an 
immune response in the context of gene transfer. This latter point is especially 
significant in the context of AAV because AAV is a "helper-dependent" virus that 
requires co-infection with a helper virus (typically adenovirus) or other provision of 
helper virus functions in order to be effectively replicated and packaged during the 
1 5 process of AAV production; and, moreover, as described above, adenovirus has been 
observed to generate a host immune response in the context of gene transfer 
applications (see, e.g., Le et al (1997); Byrnes et al. (1995) Neuroscience 66:1015; 
McCoy etaL {\99S) Human Gene Therapy 6:1 andBmetal. (1995)Gene 
Therapy 2:15\). 

20 In order to replicate and package the rAAV vector, the missing functions are 

complemented with a packaging gene, or a plurality thereof, which together encode 
the necessary functions for the various missing re/? and/or cap gene products. The 
packaging genes or gene cassettes are preferably not flanked by AAV ITRs and 
preferably do not share any substantial homology with the rAAV genome. 

25 The rAAV vector construct and complementary packaging gene constructs can 

be implemented in this invention in a number of different forms. Viral particles, 
plasmids, and stably transformed host cells can all be used to introduce such 
constructs into the packaging cell, either transiently or stably. 

A variety of different genetically altered cells can thus be used in the context 

30 of this invention. By way of illustration, a mammalian host cell may be used with at 
least one intact copy of a stably integrated rAAV vector. An AAV packaging plasmid 
comprising at least an AAV rep gene operably linked to a promoter can be used to 
supply replication functions (as described in U.S. Patent 5,658,776). Alternatively, a 
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Stable mammalian cell line with an AAV rep gene operably linked to a promoter can 
be used to supply replication functions (see, e.g., Trempe et al., U.S. Patent 
5,837,484; Burstein et al., WO 98/27207; and Johnson et al., U.S. Patent 5,658,785). 
The AAV cap gene, providing the encapsidation proteins as described above, can be 
5 provided together with an AAV rep gene or separately (see, e.g., the above-referenced 
applications and patents as well as Allen et al. (WO 96/1 7947). Other combinations 
are possible. 

As is described in the art, and illustrated in the references cited above and in 
Examples below, genetic material can be introduced into cells (such as mammalian 
10 "producer" cells for the production of rAAV) using, any of a variety of means to 

transform or transduce such cells. By way of illustration, such techniques include, but 
are not limited to, transfection with bacterial plasraids, infection with viral vectors, 
electroporation, calcium phosphate precipitation, and introduction using any of a 
variety of lipid-based compositions (a process often referred to as "lipofection"). 
15 Methods and compositions for performing these techniques have been described in 
the art and are widely available. 

Selection of suitably altered cells may be conducted by any technique in the 
art. For example, the polynucleotide sequences used to alter the cell may be 
introduced simultaneously with or operably linked to one or more detectable or 
20 selectable markers as is known in the art. By way of illustration, one can employ a 
drug resistance gene as a selectable marker. Drug resistant cells can then be picked 
and grown, and then tested for expression of the desired sequence {i.e. , a product of 
the heterologous polynucleotide). Testing for acquisition, localization and/or 
maintenance of an introduced polynucleotide can be performed using DNA 
25 hybridization-based techniques (such as Southern blotting and other procedures as 
known in the art). Testing for expression can be readily performed by Northern 
analysis of RNA extracted from the genetically altered cells, or by indirect 
immunofluorescence for the corresponding gene product. Testing and confirmation 
of packaging capabilities and efficiencies can be obtained by introducing to the cell 
30 the remaining functional components of AAV and a helper virus, to test for 

production of AAV particles. Where a cell is inheritably altered with a plurality of 
polynucleotide constructs, it is generally more convenient (though not essential) to 
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introduce them to the cell separately, and validate each step seriatim. References 
describing such techniques include those cited herein. 

In one approach to packaging rAAV vectors in an AAV particle, the rAAV 
vector sequence (i.e., the sequence flanked by AAV ITRs), and the AAV packaging 
5 genes to be provided in trans, are introduced into the host cell in separate bacterial 
plasmids. Examples of this approach are described in Ratschin et al. (1984) Mol. 
Cell. Biol. 4:2072; Hermonat et a/.(1984) Proc. Natl. Acad. Sci. USA 51:6466; 
Tratschine/a/. (1985) Mo/. Cell. Biol. 5:3251; McLaughlin era/. (988>/. Virol. 
62:1963; Lebkowskie/ a/. (188) Mo/. Cell. Biol. 7:349; Samulski e/ a/. (989) J. Virol. 
10 65:3822-3828; and Flotte et al. (1992>^/n. J. Respir. Cell. Mol. Biol. 7:349. 

A second approach is to provide either the rAAV vector sequence, or the AAV 
packaging genes, in the form of an episomal plasmid in a mammalian cell used for 
AAV replication. See, for example, U.S. Patent 5,173,414. 

A third approach is to provide either the rAAV vector sequence or the AAV 
1 5 packaging genes, or both, stably integrated into the genome of the mammalian cell 
used for replication. 

One exemplary technique of this third approach is outlined in international 
patent application WO 95/13365 (Targeted Genetics Corporation and Johns Hopkins 
University) and corresponding U.S. Patent No. 5,658,776 (by Flotte et al.). This 
20 example uses a mammalian cell with at least one intact copy of a stably integrated 

rAAV vector, wherein the vector comprises an AAV ITR and a transcription promoter 
operably linked to a target polynucleotide, but wherein the expression of rep is 
limiting in the cell. In a preferred embodiment, an AAV packaging plasmid 
comprising, the rep gene operably linked to a heterologous promoter is introduced into 
25 the cell, and then the cell is incubated under conditions that allow replication and 
packaging of the rAAV vector sequence into particles. 

Another approach is outlined in Trempe et al., U.S. Patent 5,837,484. This 
example uses a stable mammalian cell line with an AAV rep gene operably linked to 
a heterologous promoter so as to be capable of expressing functional Rep protein. In 
30 various preferred embodiments, the AAV cap gene can be provided stably as well or 
can be introduced transiently (e.g. on a plasmid). An rAAV vector can also be 
introduced stably or transiently. 
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Another approach is outlined in patent application WO 96/17947 (Targeted 
Genetics Corporation). This example uses a mammalian cell which comprises a 
stably integrated AAV cap gene, and a stably integrated AAV rep gene operably 
Hnked to a helper virus-inducible heterologous promoter. A plasmid comprising the 
5 rAAV vector sequence is also introduced into the cells (either stably or transiently). 
The packaging of rAAV vector into particles is then initiated by introduction of the 
helper virus. 

Methods for achieving high titers of rAAV virus preparations that are 
substantially free of contaminating virua and/or viral or cellular proteins are outlined 
10 by Atkinson et al. in WO 99/1 1 764. Techniques described therein can be employed 
for the large-scale production of rAAV viral particle preparations. 

These various examples address the issue of producing rAAV viral particles at 
sufficiently high titer, minimizing recombination between rAAV vector and 
sequences encoding packaging components, reducing or avoiding the potential 
1 5 difficulties associated with the expression of the AAV rep gene in mammalian cell 
line (since the Rep proteins can not only limit their own expression but can also affect 
cellular metabolism) and producing rAAV virus preparations that are substantially 
free of contaminating virus and/or viral or cellular protein. 

Packaging of an AAV vector into viral particles relies on the presence of a 
20 suitable helper virus for AAV or the provision of helper virus functions. Helper 
viruses capable of supporting AAV replication are exemplified by adenovirus, but 
include other viruses such as herpes viruses (including, but not limited to, HSVl, 
cytomegalovirus and HHV-6) and pox virus (particularly vaccinia). Any such virus 
may be used. 

25 Frequently, the helper virus will be an adenovirus of a type and subgroup that 

can infect the intended host cell. Human adenovirus of subgroup C, particularly 
serotypes 1, 2, 3, 4, 5, 6, and 7, are commonly used. Serotype 5 is generally 
preferred. 

The features and growth patterns of adenovirus are known in the art. See, for 
30 example, Horowitz. "Adenoviridae and their replication", pp 77 1 -8 1 6 in 

"Fundamental Virology", Fields et al., eds. The packaged adenovirus genome is a 
linear DNA molecule, linked through adenovirus ITRs at the left- and right-hand 
termini through a terminal protein complex to form a circle. Control and encoding 
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regions for early, intermediate, and late components overlap within the genome. 
Early region genes are implicated in replication of the adenovirus genome, and are 
grouped depending on their location into the El, E2, E3, and E4 regions. 

Although not essential, in principle it is desirable that the helper virus strain be 

5 defective for replication in the subject ultimately to receive the genetic therapy. Thus, 
any residual helper virus present in an rAAV virus preparation will be replication- 
incompetent. Adenoviruses from which the El A or both the El A and the E3 region 
have been removed are not infectious for most human cells. They can be replicated in 
a permissive cell line (e.g., the human 293 cell line).which is capable of 

10 complementing the missing activity. Regions of adenovirus that appear to be 

associated with helper function, as well as regions that do not, have been identified 
and described in the art (see, e.g., P. Colosi et al., W097/17458, and references cited 
therein). 

For example, as described in Atkinson et al. (WO 99/1 1764), a "conditionally- 
1 5 sensitive" helper virus can also be employed to provide helper virus activity. Such a 
helper virus strain must minimally have the property of being able to support AAV 
replication in a host cell under at least one set of conditions where it itself does not 
undergo efficient genomic replication. Where helper virus activity is supplied as 
intact virus particles, it is also generally necessary that the virus be capable of 
20 replication in a host cell under a second set of conditions. The first set of conditions 
will differ from the second set of conditions by a readily controllable feature, such as 
the presence or absence of a required cofactor (such as a cation), the presence or 
absence of an inhibitory drug, or a shift in an environmental condition such as 
temperature. Most conveniently, the difference between the two conditions is 
25 temperature, and such a conditionally-sensitive virus is thus referred to as a 
temperature-sensitive helper virus. 

Helper virus may be prepared in any cell that is permissive for viral 
replication. For adenovirus, preferred cells include 293 cells and HeLa cells. Itis 
preferable to employ culture techniques that permit an increase in seeding deiisity. 
30 293 cells and HeLa cell variants are available that have been adapted to suspension 
culture. HeLa is preferable for reasons of cell growth, viability and morphology in 
suspension. These cells can be grown at sufficient density (2 x 10* per ml) to make 
up for the lower replication rate of the temperature-sensitive adenovirus strain. Once 
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established, cells are infected with the virus and cultured at the permissive 
temperature for a sufficient period; generally 3-7 days and typically about 5 days. 

Examples of methods useful for helper virus preparation, isolation and 
concentration can be found in Atkinson et al. (WO 99/1 1764). 
5 Several criteria influence selection of cells for use in producing rAAV 

particles as described herein. As an initial matter, the cell must be permissive for 
replication and packaging of the rAAV vector when using the selected helper virus. 
However, since most mammalian cells can be productively infected by AAV, and 
many can also be infected by helper viruses such as adenovirus, it is clear that a large 
10 variety of mammalian cells and cell lines effectively satisfy these criteria. Among 
these, the more preferred cells and cell lines are those that can be easily grown in 
culture so as to facilitate large-scale production of rAAV virus preparations. Again, 
however, many siich cells effectively satisfy this criterion. Where large-scale 
production is desired, the choice of production method will also influence the 
15 selection of the host cell. For example, as described in more detail in Atkinson et al. 
(WO 99/1 1 764) and in the art, some production techniques and culture vessels or 
chambers are designed for growth of adherent or attached cells, whereas others are 
designed for growth of cells in suspension. In the latter case, the host cell would thus 
preferably be adapted or adaptable to growth in suspension. However, even in the 
20 case of cells and cell lines that are regarded as adherent or anchorage-dependent, it is 
possible to derive suspension-adapted variants of an anchorage-dependent parental 
line by serially selecting for cells capable of growth in suspension. See, for example, 
Atkinson et al. (WO 99/1 1 764). 

Ultimately, the helper virus, the rAAV vector sequence, and all AAV 
25 sequences needed for replication and packaging must be present in the same cell. 

Where one or more AAV packaging genes are provided separately from the vector, a 
host cell is provided that comprises: (i) one or more AAV packaging genes, wherein 
each said AAV packaging gene encodes an AAV replication or encapsidation protein; 
(ii) a heterologous polynucleotide introduced into said host cell using an rAAV 
30 vector, wherein said rAAV vector comprises said heterologous polynucleotide flanked 
by at least one AAV ITR and is deficient in said AAV packaging gene(s); and (iii) a 
helper virus or sequences encoding the requisite helper virus functions. It should be 
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noted, however, that one or more of these elements may be combined on a single 
replicon. 

The helper virus is preferably introduced into the cell culture at a level 
sufficient to infect most of the cells in culture, but can otherwise be kept to a 

5 minimum in order to limit the amount of helper virus present in the resulting 

preparation. A multiplicity of infection or "MOI" of 1-100 may be used, but an MOI 
of 5-10 is typically adequate. 

Similarly, if the rAAV vector and/or packaging genes are transiently 
introduced into the packaging cell (as opposed to being stably introduced), they are 

1 0 preferably introduced at a level sufiicient to genetically alter most of the cells in 
culture. Amounts generally required are of the order of 10 \ig per 10* cells, if 
supplied as abacterial plasmid; or 10* particles per lO' cells, if supplied as an AAV 
particle. Determination ofan optimal amount is an exercise ofroutine titration that is 

within the ordinary skill of the artisan. 
15 These elements can be introduced into the cell, either simultaneously, or 

sequentially in any order. Where the cell is inheritably altered by any of the elements, 
the cell can be selected and allowed to proliiferate before introducing the next element. 

In one preferred example, the helper virus is introduced last into the cell to rescue 
and package a resident rAAV vector. The cell will generaUy already be supplemented to 
20 the extent necessary with AAV packaging genes. Preferably, either the rAAV vector or 
the packaging genes, and more preferably both are stably integrated into the cell. It is 
readily appreciated that other combinations are possible. Such combinations are 
included within the scope of the invention. 

Once the host cell is provided with the requisite elements, the cell is cultured 
25 under conditions that are permissive for the replication AAV. to allow replication and 
packaging of the rAAV vector. Culture time is preferably adjusted to correspond to 
peak production levels, and is typically 3-6 days. rAAV particles are then collected, and 
isolated from the cells used to prepare them. 

Optionally, rAAV virus preparations can be further processed to enrich for 
30 rAAV particles, deplete helper virus particles, or otherwise render them suitable for 
administration to a subject. See Atkinson et al. for exemplary techniques (WO 
99/1 1764). Purification techniques can include isopynic gradient centrifugation, and 
chromatographic techniques. Reduction of infectious helper virus activity can include 
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inactivation by heat treatment or by pH treatment as is known in the art. Other 
processes can include concentration, filtration, diafiltration, or mixing with a suitable 
buffer or pharmaceutical excipient. Preparations can be divided into unit dose and 
multi dose aliquots for distribution, which will retain the essential characteristics of the 
5 batch, such as the homogeneity of antigenic and genetic content, and the relative 
proportion of contaminating helper virus. 

Various methods for the determination of the infectious titer of a viral 
preparation are known in the art. For example, one method for titer determination is a 
high-throughput titering assay as provided by Atkinson et al. (WO 99/1 1764). Virus 
1 0 titers determined by this rapid and quantitative method closely correspond to the titers 
determined by more classical techniques. In addition, however, this high-throughput 
method allows for the concurrent processing and analysis of many viral replication 
reactions and thus has many others uses, including for example the screening of cell 
lines permissive or non-permissive for viral replication and infectivity. 
15 A preferred method for providing helper fimctions through infectious 

adenovirus employs a non-infectious adenovirus miniplasmid that carries all of the 
helper genes required for efficient AAV production (Ferrari et al. (1997) Nature Med. 
5:1295; Xiao c/ a/. (1998)7. Virology 72-222A). The rAAV titers obtained with 
adenovirus miniplasmids are forty-fold higher than those obtained with conventional 
20 methods of wild-type adenovirus infection (Xiao et al. (1998) J. Virology 72:2224). 
This approach obviates the need to perform co-transfections with adenovirus 
(Holscher et al. (1994) J. Virology 65:7169; Clark et al. (1995) Hum. Gene Ther. 
6:1329; Trempe and Yang (1993), in, Fifth Parvovirus Workshop (Crystal River, FL). 
Other methods of producing rAAV stocks have been described, including but 
25 not limited to, methods that split the rep and cap genes onto separate expression 

cassettes to prevent the generation of replication-competent AAV (Allen et al. (1997) 
J. Virol. 77:6816), and methods employing packaging cell lines (Gao et al. (1998) 
Human Gene Therapy 9:2353; Inoue et al. (1 998) J. Virol. 72:7024). 

The present invention provides methods of producing a high titer rAAV vector 
30 stocks carrying tiie B-domain deleted factor VIII transgenes and B-domain deleted 
factor VIII expression cassettes of the invention. These results are surprising as prior 
attempts to produce rAAV/factor VIII have failed to generate adequate titers of virus 
for in vivo administration. 
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The inventive methods of producing high titer rAAV/B-domain deleted factor 
VIII stock involves infecting a packaging cell with a rAAV vector carrying a 
heterologous nucleotide sequence encoding a B-domain deleted factor VIII, as 
described above. The rAAV vector is replicated and packaged by the packaging cell, 

5 and the rAAV particles are collected to form an AAV stock. This stock has a titer of 
at least about \0\ about 10^ about 10^ about lO', about 10^ about lO', about lO'", 
about lO", about 10'^ or about lO'^ particles per milliter. 

Preferred packaging cells for producing rAAV stocks are known in the art and 
include packaging cells for producing rAAV by methods involving adenovirus helper 

10 virus or adenovirus miniplasmids, including but not limited to, 293 cells (see, e.g., 
Samulski et al. (1989) J. Virology 65:3822; Ferrari et al (1997) Nature Med. 3:1295; 
Xiao et al. (1998) J. Virology 72:2224). Other rAAV packaging cells include those 
described by Gao et al. (1998) Human Gene Therapy 9:2353 and Inoue et al. (1998) 
J. Virol. 72:7024. 

15 ^ , .. . - .. - 

C. Gene transfer Technology. 

The methods of the present invention provide a means for delivering 
heterologous nucleotide sequences into a broad range of host cells, including dividing 
and non-dividing cells both in vitro (e.g., to produce factor VIH protein or for « vivo 
20" * gene therapy) and /« vivo. The vectors, meSods, and pharmaceutical formulations of 
the present invention are additionally useful in a method of administering a protein or 
peptide to a subject in need thereof, or a method of treatment or otherwise. In this 
manner, ±e protein or peptide may thus be produced in vivo in the subject. The 
subject may be in need of the protein or peptide because the subject has a deficiency 
25 of the protein or peptide, or because the production of the protein or peptide in the 
subject may impart some therapeutic effect, as a method of treatment or otherwise, 
and as explained further below. 

In general, the present invention can be employed to deliver any heterologous 
nucleotide sequence encoding a biologically-active B-domain deleted factor VIII that 
30 can be packaged by a rAAV vector, as described above. The heterologous nucleotide 
sequence encoding the B-domain deleted factor VIII gene may be administered to a 
subject to achieve a therapeutic effect. For example, the heterologous nucleotide 
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sequence encoding the B-domain deleted factor Vm may be administered to enhance 
(^.g., improve, increase, augment) blood coagulation. 

D. Subjects, Pharmaceutical Formulations, Vaccines and Modes of 
5 Administration. 

The present invention finds use in veterinary and medical applications. 
Suitable subjects include both avians and mammals, with mammals being preferred. 
The tenn "avian" as used herein includes, but is not limited to, chickens, ducks, geese, 
quail, turkeys and pheasants. The term "mammal" as used herein includes, but is not 
10 limited to, humans, bovines, ovines, caprines, equines, felines, canines, lagomorphs, 
etc. Human subjects are most preferred. Human subjects include neonates, infants, 
juveniles, and adults. 

In particular embodiments, the present invention provides a pharmaceutical 
composition comprising a rAAV particle of the invention in a pharmaceutically 
15 acceptable carrier or other naedicmaLagents^ pbarmacisutical^agmts, carriers, 

adjuvaats, diluents, etc. For injection, the carrier will typically be a liquid. For other 
methods of administration, the carrier may be either solid or liquid, such as sterile, 
pyrogen-free water or sterile pyrogen-free phosphate-buffered saline solution. For 
inhalation administration, the. carrier will be respirable, and will preferably be in solid 
20 or liquid particulate form. As an injection medium, it is preferred to use water that 
contains the additives usual for injection solutions, such as stabilizing agents, salts or 
saline, and/or bUiffers. 

By "pharmaceutically acceptable" is intended a material that is not 
biologically or otherwise undesirable, the material may be administered to a 
25 subject along with the viral vector without causing any undesirable biological effects. 
Thus, such a pharmaceutical composition can be used, for example, in transfection of 
a cell ex vivo or in administering a viral particle directly to a subject. 

The present invention further provides a method of delivering a heterologous 
nucleotide sequence encoding B-domain deleted factor VIII to a cell. For in vitro 
30 methods, the virus can be administered to the cell by standard viral transduction 

methods, as are known in the art. Preferably, the virus particles are added to the cells 
at the appropriate multiplicity of infection according to standard transduction methods 
appropriate for the particular target cells. Titers of virus to administer can vary, 
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depending upon the target cell type and the particular virus vector, and can be 
determined by those of skill in the art without undue experimentation. Alternatively, 
administration of a rAAV vector of the present invention can be accomplished by any 
other means known in the art. 
5 The cell to be administered the inventive virus vector can be of any type, 

including but not limited to neural cells (including cells of the peripheral and central 
nervous systems, in particular, brain cells), retinal cells, epitheUal cells (eg., gut and 
respiratory), muscle cells, pancreatic cells (including islet cells), hepatic cells, 
myocardial cells, bone cells {e.g., bone marrow stem cells), hematopoietic stem cells, 
10 spleen cells, fibroblasts, endothelial cells, germ cells, and the like. Moreover, the 
cells can be from any species of origin, as indicated above. 

In particular embodiments of the invention, cells are removed from a subject, 
the rAAV vector is introduced therein, and the cells are then replaced back into the 
subject. Methods of removing cells from a subject for treatment ex vivo, followed by 
1 5 introduction back into the subject ai;e known in the art.^ Alternatively, the rAAy . 
vector is introduced into cells from another subject or from cultured cells to express 
the B-domain deleted factor VIII therein, and the cells are administered to a subject in 
need of factor VIII therapy. Suitable cells for ex vivo gene therapy include, but are 
not limited to, liver cells, neural cells (including cells of the central and peripheral 
20 nervous systems, in particular, brain cells), pancreas cells, spleen cells, fibroblasts 
(e.g., skin fibroblasts), keratinocytes, endothelial cells, epithehal cells, myoblasts, 
hematopoietic stem cells, and bone marrow stromal cells. 

A fiirther aspect of the mvention is a method of treating subjects in vivo with 
the inventive virus particles. Administration of the rAAV particles of the present 
25 invention to a human subject or an animal in need thereof can be by any means known 
in the art for administering virus vectors. A "therapeutically effective" amount as 
used herein is an amount of the rAAV/B-domain deleted factor VIII vector that is 
sufficient to alleviate (e.g., mitigate, decrease, reduce) at least one of the symptoms 
associated with factor VHI deficiency (e.g., blood coagulation). It is not necessary 
30 that the administration of the B-domain deleted factor VHI eliminate the symptoms of 
Factor VIII deficiency, as long as the benefits outweigh the detriments of B-domain 
deleted factor VIII administration. 
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The normal range of factor Vni in human plasma is approximately 100 - 200 
ng/ml. Normal blood clotting is seen with plasma factor VIII levels that are as low as 
5% of normal. Therapeutic effects may be observed with as little as 1% of normal 
plasma factor VIII levels (Nilsson et al (1992) / Int. Med. 232:25-32; Lofgvist et al 
5 (1997) y. Int. Med. 241:395-400; Petrini et al (1991) Am. J. Ped. Hem. Owc.l3:280- 
287; and Hematology-Principles and Practice, 3rd ed. (2000) Hof&nan, R; ed., pages 
1 884-1 885). Administration of a rAAV/B-domain deleted factor VIII vector of the 
invention to a subject preferably resuhs in plasma factor VIII levels that are at least 
about 1% of normal, more preferably at least about 5% of normal, still more 
10 preferably at least about 10% of normal, yet more preferably at least about 20% of 
normal, still yet more preferably at least about 25% of normal factor VIII levels. 

In particularly preferred embodiments of the invention, the nucleotide 
sequence of interest is delivered to the liver.of the subject. Administration to the liver 
can be achieved by any method known in the art, including, but not limited to 
1 5 intravenous admimstration, intraportal admjnistratign, intrabiUary administration, . . ^ 
intra-arterial administration, and direct injection into the liver parenchyma. 

Accordingly, a further aspect of the present invention is a method of treating a 
subject with factor VIII deficiency, including hemophilia A. As used herein, a factor 
Vni deficiency may be due to a defective protein or lack of protein. Preferably, the 
20 subject is a human subject. According to this method, the subject is administered n an 
amount of a rAAV/factor VHI vector sufficient to produce a biologically effective 
amount of factor VIII to one or more tissues. Preferably, the tissue is brain, pancreas, 
spleen, liver, reticulum endotheUal system (RES), lymphoid, or muscle, or bone 
marrow/stromal cells, most preferably, the liver. 
25 In preferred embodiments, the rAAV vector is administered to the liver. 

Preferably, the cells {e.g., liver cells) are infected by the rAAV/B-domain deleted 
factor Vni vector, express the B-domain deleted factor VIII protein, and secrete the 
protein into the circulatory system in a therapeutically effective amount as defined 
above. It is not necessary that the symptoms of factor VIE deficiency be eliminated, 
30 as long as the benefits outweigh the detriments of administering the factor Vm. 

Exemplary modes of administration include oral, rectal, transmucosal, topical, 
transdermal, inhalation, parenteral (e.g., intravenous, subcutaneous, intradermal, 
intramuscular, and intraarticular) administration, and the like, as well as direct tissue 

38 



wo 01/27303 W — PCT/USOO/28221 

or organ injection, alternatively, intratrahecal, direct intramuscular, intraventricular, 
intravenous, intraperitoneal, intranasal, or intraocular injections. Injectables can be 
prepared in conventional forms, either as liquid solutions or suspensions, solid forms 
suitable for solution or suspension in liquid prior to injection, or as emulsions. 

5 Alternatively, one may administer the virus in a local rather than systemic manner, for 
example, in a depot or sustained-release formulation. 

In preferred embodiments, the inventive rAAV vectors are administered by 
intravenous administration, more preferably, by intravenous administration to the 
hver (as described below). 

1 0 Dosages will depend upon the mode of administration, the severity of the 

disease or condition to be treated, the individual subject's condition, the particular 
virus vector, and the gene to be delivered, and the species of the subject, the size and 
weight of the subject, and can be determined in a routine manner. Exemplary doses 
for achieving therapeutically effective amounts in the circulatory system are about 10 

15. , , about Ip^ about 10^^, about 10^^ , about 10*^ about 10^^ , about 10^/* , aboutlO^^ 
mfectious units, depending upon the level of transgene produced, the activity of the 
protein, etc. „ ........ 

The invention will now be illustrated with reference to certain examples which 
are included herein for the purposes of illustration only, and which are not intended to 

20 be limiting of the invention. 



Example 1: Vector Constructs 
rAAV plasmids expressing human B-domain deleted factor VIII or enhanced 
green fluorescent protein (EGFP) were constructed. Briefly, pmt2LA (Pittman et al 
25 (1 993) Blood 81 :2925; gift from Dr. D. Pittman, Genetics Institute, Cambridge, MA) 
was amplified by PCR to generate a 4435 bp fragment encoding full sequence of B- 
domain deleted-human factor VIII. The 4435 bp B-domain deleted human factor VIII 
cDNA was inserted into a cassette containing either spacer sequence (pDLZ2) or 
Enhancer I (Enhl) of hepatitis B virus and spacer sequence (pDLZ6) (Quo et al. 
30 (1991) Virology 55:6686). The sequence of pDLZ6 is presented in Figure 1 (SEQ 
ID N0:1) along with the amino acid sequence of the B-domain deleted human factor 
VIII protein (also shown in SEQ ID N0:2). The first 19 amino acid residues 
represent a signal peptide, which is cleaved off before the B-domain deleted human 
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factor Vni precursor is translocated into the endoplasmic reticulum. The B-domain 
deleted human factor VHI cDNA in pDLZ6 was replaced with EGFP cDNA from 
pTR-EGFP (R. Haberman, UNC Gene Therapy Center, Chapel Hill, NC) to construct 
pDLZ8. All constructs employ the Tk polyadenylation signal, and flanked using the 

5 AAV ITRs from pAAV/cFIX. 

The pDLZ6 construct comprises two ITRs, at about nucleotide (nt) positions 
1-146 and 4916-5084 of Figure 1 (and SEQ ID N0:1), ahepatitis B virus Enhl 
enhancer element at about nucleotide positions 150-278, spacer sequence at about 
nucleotide positions 279-399, B-domain deleted human factor VIII cDNA at about 

1 0 nucleotide positions 41 9-4835, and a Tk poIyA sequence at about nucleotide positions 
4804-4914. 

Example 2: Cells and Culture 
293, HeLa, and HepG2 cells were cultured in Dulbecco's modified eagles 
media (DMEM, Gibco/BRL, Gaithersburg, MD) with 10% fetal bovine serum (FBS, 
15 Gibco/BRL, Gaithersburg, MD), with or without antibiotics (penicillin and 
streptomycin), at 3TC and 5% C02. FBS was heat-inactivated at 55''C for 30 
ipinutes. Under these conditions, factor VIII protein and activity could not be 
detected in FBS. 

20 Example 3: rAAV Production and Purification 

rAAV was generated using a three plasmid transfection scheme. Briefly, 
subconfluent 293 cells were co-transfected with the rAAV vector plasmid, AAV 
helper plasmid pXX2 (Xiao era/. (1998)7. Firo/ogy 72:2224), and adenovirus helper 
plasmid pXX6 using calcium phosphate precipitation. Forty-eight hours post- 
25 transfection, the cells were harvested, lysed by 3-cycles of fireeze-thawing, and 
sonicated to release the rAAV virion particles. Following ammonium-sulfate 
precipitation, the virus particles were purified and concentrated by cesium density 
gradient centrifugation twice. Viral particles were titered by dot-blot; the 
rAAV/human factor VIII peak gradient fi-actions were pooled, dialyzed against 
30 phosphate buffer saline (PBS), and stored at -20°C. 
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Example 4: In vitro Expression of B-domain deleted human factor VIII 
2x10^ of 293 or HepG2 cells were plated in each well of 6-well plates. 
Twenty-four hours post-plating, cells were transduced with rAAV virus particles/cell 
(MOI=10), with or without adenovirus (M0I=1) for 1 hour. The cell media were 
5 harvested for analysis and replaced with fresh media every 24 hours post-infection. 
All the media/serum used for assaying human factor VHI expression and function 
were screened free of factor VIII. 

Example 5: Protein Function and Inhibitor Assay for Human Factor VIII 
1 0 r AAV-originated human factor VIII protein was detected by Enzyme-Linked 
Inununosorbent Assay (ELISA. Briefly, monoclonal sheep anti-human factor Vm 
antibody (Afifmity Biological, Inc., Canada) was used as capture antibody. 
Peroxidase-conjugated sheep anti-human factor VHI antibody (Affinity Biological, 
Inc., Canada) was used as secondary antibody. The factor VIII levels were calculated 
1 5 according to the standard curve derived .from serial dilution of the pooled normal 

human plasma (UCRP, Fisher Scientific). The reproducible sensitivity of the ELISA 
for human factor Vni was determined to be 0.3 ng/ml. 

Function of the rAAV-originated B-domain deleted factor VHI was tested by 
the activated partial thromboplastin time (APTT) and Coatest (Chromgenix AB, 
20 Sweden). APTT was performed, except using factor Vlll-deficient plasma rather than 
FDC-deficient plasma (Pacific Hemostasis). Coatest was performed following 
manufacturer's instructions. A serial dilution of pooled normal human plasma was 
used to generate the standard curve of factor VHI activity. 

The Bethesda inhibitor assay (BIA) was used to detect anti-human factor VHI 
25 inhibitors in mouse serum (Kasper et al. (1975) Thrombosis et Diathesis 

Haemorrhagica 34.6\2). Briefly, mouse plasma was incubated at 55''C for 30 
minutes to inactivate endogenous murine factor Vffl. The serial dilutions of the 
treated mouse plasma were then mixed with an equal volume of pooled normal human 
plasma (UCRP, Fisher Scientific) and incubated at 37°C for 2 hours. APTT was 
30 performed to determine the residual factor Vffl activity in the UCRP incubated with 
the inactivated mouse plasma. The anti-human factor VIII inhibitor titer was 
calculated from the residual factor VHI activity of each sample according to the 
established BIA standard curve. 
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Example 6: Animal Care and Manipulation Procedure 
The mice were maintained at the animal facilities at the University of North 
Carolina at Chapel Hill in accordance with the guidelines of the UNC Institutional 

5 Animal Care and Use Committee. Each animal was weighed and sedated using a 
mixture of ketamine (lOOmg/kg) and xylanine (5mg/kg) prior to virus administration. 
Under a dissecting microscope, a l-cm vertical midline abdomen incision was made. 
2x10^® or 2x10" particles of rAAV/DLZ6 or rAAV/DLZ8 in 200-400 ^1 of phosphate 
buffered saHne (PBS) was injected to liver via portal vein using Harvard Apparatus 

10 pump 22 in 2-S minutes. Blood was collected via the retro-orbital plexus and the 
plasma stored at -SO'^C. Tissues/organs were collected for histology and DNA/RNA 
analyses of three mice sacrificed at week 30 post-injection. Tissues collected 
included liver, spleen, kidney, testis, heart, brain, spinal cord, intestine, muscle, lymph 
nodes, and bone marrow. Tissues were either frozen at -SO'^C (for DNA and RNA 

15 , isolation) or fixed in 10% neutral-buffered formalin overnight before processing. 

Example?: DNA Isolation and Analysis 
High molecular weight genomic and low molecular weight DNA (Hirt) were 
isolated and used for Southem Blot and DNA PCR. 29.5 pg, 5.9pg, 1.18 pg, 0.118 
20 pg, and 0.059 pg of plasmid pDLZ6 were added to 20 )ig genomic DNA firom control 
mouse liver produced copy number standard, respectively equivalent to 5, 1, 0.2, 0.02 
and 0.01 copies of rAAV/DLZ6 vector genome per murine liver cell. The genomic 
DNA was digested with restriction enzyme SphI, which cuts the plasmid pDLZ6 
internal to each ITR, releasing a 4.6 kb DLZ6 genome, and then separated by agarose 
25 gel. The blot was hybridized with ^^P-labeled human factor VIII probes. 

A Sense primer (5'-AACCTTTACCCCGTTGCTCG-3') and antisense primer 
(5'-GTCTTTTTGTACACGACTGAGG-3') were used to amplify a 450 bp 
rAAV/DLZ6 vector unique firagment. The PCR conditions were 95*C for 5 minutes 
followed by 30 cycles with 95°C for 2 minutes, 50°C for 1 minute, 72°C for 1 minute. 

30 

Example 8: RNA Extraction, Northern Blot and Reverse Transcription (RT) PCR 
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Total cellular RNA extracted from cultured cells or frozen mouse tissues was 
used for Northern Blot or RT-PCR in a similar. A sense primer (5'- 
TTCTCCCC AATCCAGCTGG-3 ') and antisense primer (5 ' - 
GAGTTATTTCCCGTTGATGG-3') were used to amplify a 534 bp unique human 
5 factor VIII cDNA fragment. The PGR conditions were 95*^0 for 2 minutes, followed 
with 30 cycles using: 95°C for 1 minute, 55°C for 1 minute, 72°C for 1 minute. A 
pair of p-actin primers was used as an internal control of RT/PCR for each sample 
described. 

10 Example 9: Histological Analysis 

Formalin-fixed tissues were alcohol dehydrated and paraffm embedded. 
Tissues were sectioned at 6 |im each, deparaffmized in xylene, rehydrated through 
graded ethanol, and either stained with hematoxyHn and eosin (H & E). 

15. Example lOi Packagmg of r AAV B-domaitt deleted human factor Vm 

Two rAAV vectors expressing B-domain deleted human factor VIII, pDLZ2 
and pDLZ6 (Figure 2), were constructed to test the utility of the Hepatitis B virus 
Enhl enhancer element. Over 1 0^^ rAAV/DLZ6 or rAAV/DLZ2 particles per milliliter 
were produced using triple plasmid transfection and cesiimi chloride density gradient 

20 centrifiigation. To confirm the replication of rAAV virions, low molecular weight 
viral DNA was isolated following transduction of HeLa or HepG2 cells with rAAV 
(MOI=10> and adenovirus type 5 (M0I=1). As shown in Figure 3, the expected 
monomer and dimer replication forms of rAAV/DLZ6 and rAAV/DLZ2 were 
detected using a probe specific for the transgene. Isolation of rAAV/DLZ6 virion 

25 DNA confirmed that the expected monomer size was packaged (Figure 3). Following 
transduction, rAAV/DLZ6 containing the Enhl sequence produced a 30-fold increase 
in mRNA transcript in HeLa and HepG2 as compared to rAAV lacking the enhancer 
element (data not shown). 

Based on these results, we performed factor Vm fimctional assays using 

30 vector derived from pDLZ6. human factor VIII protein expression was performed by 

ELISA measurement of factor VIE protein from cell media harvested at 24 hours 

following transfection and transduction. Assessment of fimctional human factor VIII 

was performed using APTT and Coatest assays (see Table 1). Thus despite its greater 
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than wild-type size, recombinant virus was efficiently packaged and produced 
functional B-domain deleted human factor VIII. Based on these results, rAAV/DLZ6 
was used for in vivo analysis. 

Table 1 

5 In vitro Expression of B-domain deleted human factor VIII from AAV Vectors 





Antigen Assay 


Functional 


Assay 




ELISA 


APTT 


Coatest 


Transfection 


5.6 ng/ml 


25% 


28 mu/ml 


Transduction 


15 ng/ml 


40% 


72 mu/ml 



♦*lxlO^ 293 cells were transduced with rAAV/DLZ6 or rAAV/DLZ8 (EGFP) at 
MOI=10. Media were harvested at 24 hours for human factor Vin assay. The media 
overlay 293/EGFP was used as control. UCRP served as the standard, which is 
10 equivalent to 200 ng/ml human factor VIII antigen and 1000 mu/ml Coatest activity. 
APTT refers to the percent of normal factor VIII activity. Results are expressed as the 
mean of three experiments, each performed in triphcate. 

Example 1 1 : Long-term Expression of human factor VIII in Mice 
1 5 rAAV/DLZ6 was injected into the portal vein of 4-week-old male mice or 6- 

week-old NOD/scid mice. Blood samples were collected via the retro-orbit plexus 
biweekly. B-domain deleted human factor VIII protein was not detected in the 
plasma of 2 mice receiving 2x10^^ rAAV/DLZ6 until 4 weeks post-injection of the 
AAV (data not shown). Once detected, the human factor VIII levels remained at 2- 
20 3% of normal human levels factor VIII level (200 ng/ml) for over 1 1 months. In 
contrast, a mean of 42 ng/ml of B-domain deleted human factor VQI or 21% of 
normal human factor VIII level was detected in the plasma of 4 mice receiving 2x10^ ' 
rAAV/DLZ6 at 1 week post-injection (Figure 4, Panel A). High titer anti-human 
factor VIII inhibitor was detected in the plasma of all of the mice receiving 
25 rAAV/DLZ6 as early as 1 week post-injection (see Figure 4, Panel A). The anti- 
human factor Vni inhibitor titer increased to a maximum titer at 9 to 12 weeks post- 
injection (Figure 4, Panel A). The appearance of inhibitor coincided with the 
decrease in B-domain deleted hxmian factor VIII plasma protein. As expected, neither 
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B-domain deleted human factor VIII nor anti-human factor VIII inhibitor were 
detected in the plasma of control mice receiving rAAV expressing the EGFP 
transgene (data not shown). 

In order to adequately assess the expression of B-domain deleted human factor 

5 Vm protein, immuno-incompetent NOD/scid mice received 1 .5 xlO^ ^ virus via portal 
vein injection. Plasma levels of B-domain deleted human factor VIII determined by 
ELISA reached 35 ng/ml (17% of normal level) on day 10 post-injection and 
increased to 55 ng/ml (27% of normal level) (Figure 4, Panel B). As expected, B- 
domain deleted human factor VIII was not detected in the plasma of mock infected 

1 0 scid mice (data not shown). 

Example 12: rAAV Vector Spread and Histologic Analysis 
The mice receiving rAAV vector were sacrificed at 30 weeks post-injection. 
Peripheral blood, liver, spleen, lymph nodes, kidney, intestine, testis, skin, muscle, 

15 heart, lungs, aorta, bone marrow, brain and spinal cord were analyzed to determine 
vector spread following systemic administration. DNA PCR utilizing primer pairs 
specific for the vector DLZ6 amplified a 450-bp product. Vector genome was 
detected only from liver samples 30 weeks after portal vein injection (Figure 5, Panel 
A). RT-PCR employed a pair of primers which amplify a 534 bp fragment of B- 

20 domain deleted human factor VIII cDNA. Only RNA isolated from the liver 

generated the appropriate PCR product, confirming the DNA PCR result (Figure 5, 
Panel B). Amplification of a 250 bp p-actin fragment was utilized as internal control 
for RT/PCR showed intact and equal amount of RNA were used for each sample in 
RT-PCR (data not shown). By using both DNA PCR and Southern blot analysis, an 

25 estimated 0.05 copies of rAAV/DLZ6 genome per cell were present at 30 weeks post- 
transduction in animals given 2x10^' rAAV particles (Figure 5, Panels A & C). This 
result is in agreement with previous reports ((Snyder et at (1999) Nature Medicine 
5:64; Xiao et al (1998) / Virology 72:10222). No significant pathology was 
observed in the liver, spleen, GI tract, gonads, brain, heart, and lungs (data not 
30 shown). 
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Example 13: rAAV Molecular Analysis in Liver Cells 
At the time of sacrifice, 30 weeks, low molecular weight DNA (Hirt DNA) 
and high molecular weight genomic DNA were isolated firom several organs of the 
mice receiving rAAV/DLZ6. Using the restriction enzyme Sph I, which cuts internal 

5 to each ITR, and Southern blotting unrearranged rAAV/DLZ6 genome were detected 
only in the high molecular weight firaction (Figure 5, Panel C). Approximately 0.05 
vector genome copies/cell were detected in the high molecular weight DNA firaction. 
DNA PGR confirmed that the rAAV/DLZ6 vector genome signal could not be 
detected in the Hirt DNA fi-action (data not shown). The sensitivity of the PCR assay 

10 is 0.001 copies/cell. 

Example 14: Phenotypic Correction in factor VIII Knock-Out Mice 
rAAV/DLZ6 is administered to mice in which the gene encoding factor YIII 
has been "knocked out" by homologous recombination, thereby producing a 
1 5 phenotype corresponding to hemophilia A. Mice are administered either 2 x 10'° or 2 
x lO" particles of rAAV/DLZ6 or a control vector via portal vein injection as 
described in the previous Examples. 

Hepatic expression of B-domain deleted human factor Vm is determined as 
described in the previous Examples. In addition, plasma levels of B-domain deleted 
20 human factor vm and factor vm inhibitors are monitored over time, also as 

described above. Functional assays of factor Vm activity (e.g., Coatest) are also 
carried out to determine functional B-domain deleted human factor Vm protein 
expression in plasma. The rAAV/DLZ6- treated mice are monitored over time for 
phenotypic changes due to expression of the B-domain deleted human factor VIII, i.e., 
25 amelioration or correction of phenotypic traits associated with hemophilia (for 
example, improved clotting time). 

In this manner, long-term hepatic expression of B-domain deleted human 
factor vm using a rAAV vector (Example 1 1) is correlated with phenotypic 
improvement in hemophiUac animals. 

30 

Example 15: Phenotypic Correction in Hemophiliac Dogs 
Hemophiliac dogs are administered a rAAV vector carrying a B-domain 
deleted canine factor Vm (canine factor VIII). The B-domain deleted canine factor 
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VIII expression cassette is essentially as described in Example 1 for the human factor 
Vin expression cassette and includes flanking AAV ITRs, Enhl enhancer, noncoding 
sequence, and Tk poly(A) sequence. Plasmid pDLZlO encodes the canine factor VIII 
expression cassette. The nucleotide sequence of pDLZlO is shown in Figure 7 along 

5 with the amino acid sequence of the B-domain deleted canine factor VIE encoded 
thereby. This construct comprises two ITRs, at about nucleotide (nt) positions 1-144 
and 4885-5048 of Figure 1 (SEQ ID N0:1), a hepatitus B virus Enhl enhancer 
element at about nt positions 149-278, spacer sequence at about nt positions 279-399, 
BBD canine factor VIII cDNA at about nt positions 428-4790, and a polyA sequence 

10 at about nt positions 4804-4884. Dogs are infused with 10^^ or 10^"^ particles of 

rAAV/canine factor VIII or a control vector by portal vein. In the same or a separate 
study, the same titer of r AAV vector is administered by direct hepatic vessel injection. 

Hepatic expression of B-domain deleted canine factor VIII is determined as 
described in the previous Examples. In addition, plasma levels of B-domain deleted 

15 canine factor VIII and factor VIII inhibitors are monitored over time, also as 

described above. Functional assays of factor VIII activity (e.g., Coatest) are also 
carried out to detennine functional B-domain deleted canine factor VIII protein 
expression in plasma. The rAAV/B-domain deletedcanine factor VIII treated dogs are 
monitored over time for phenotypic changes due to expression of the B-domain 

20 deleted canine factor VIII, i.e. , amelioration or correction of phenotypic traits 
associated with hemophilia (for example, improved clotting time). 

In this manner, delivery of B-domain deleted canine factor VIII to the liver of 
hemophiUac dogs using a rAAV vector is evaluated for the treatment of hemophilia 
A. 

25 

Example 16: Generation of a stable producer cell Hne for rAAV/B-domain 

deletedfactor VIII 

Generally, rAAV producer cell lines are generated by transfection of cells with vector 
plasmid, followed by selection with antibiotics (typically G418, hygromycm, or 
30 histidinol) and cloning of individual colonies. Colonies are first screened for vector 
rephcation. Clones showing high level replication of vector following adenovirus 
infection are then tested for production of infectious vector. 
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Plasmid B-domain deletedfactor VIII (30 \ig) was transfected into the Hela C12 
packaging cell line by electroporation (Potter et al, 1984, Proc. Natl Acad, ScL USA 
79:7161-7165). The C12 cell line contains the AAV2 rep and cap genes that are 
transcriptionally quiescent until induction upon infection with adenovirus helper 

5 (Clark et al., 1995; Clark et al, 1996, Gene Therapy 3:1 124-1 132). Twenty four 
hours post-transfection, the cells were trypsinized and replated in 100 nun plates at 
densities ranging from 5x103 to 5x104 cells per plate. The cells were subjected to 
selection in DMEM containing 10% fetal bovine serum and 300 ^g/ml hygromycin B. 
Drug-resistant cell clones were isolated, expanded and their ability to produce 

10 infectious AAV factor Vm vectors was tested and compared in an infectivity assay as 
described in Atkinson et al., 1998, Nucleic Acid Res, 26:2821-2823. One such 
producer cell clone (CI 2-55) was further used for production of vector. Production, 
purification and titration were carried out essentially as described herein and as 
generally described in Atkinson et al. (WO 99/1 1764> 

1 5 All publications and patent applications mentioned in the specification are 

indicative of the level of those skilled in the art to which this invention pertains. All 
publications and patent appHcations are herein incorporated by reference to the same 
extent as if each individual pubUcation or patent application was specifically and 
individually indicated to be incorporated by reference. 

20 Although the foregoing invention has been described in some detail by way of 

illustration and example for purposes of clarity of understanding, it will be obvious 
that certain changes and modifications may be practiced within the scope of the 
appended claims. 
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THAT WHICH IS CLAIMED IS: 



10 



15 



20 



25 



1 . A recombinant adeno-associated virus (rAAV) vector comprising a 
heterologous nucleotide sequence encoding B-domain deleted factor VIII operably 
linked with at least one enhancer and at least one promoter. 

2. The rAAV vector of claim 1 , wherein said rAAV vector further 
comprises spacer DNA. 

3. The rAAV vector of claim 1, wherein said rAAV is selected from the 
group consisting of AAV serotype 1, serotype 2, serotype 3, serotype 4, and serotype 
5. 

4. The rAAV vector of claim 1 , wherein said B-domain deleted factor 
VIII is a human B-domain deleted factor VIII. 

5 . The rAAV vector of claim 4, wherein said heterologous nucleotide 
sequence encodes a B-domain deleted factor VIII having the amino acid sequence set 
forth in SEQ IDNO:2. 

6. The rAAV vector of claim 4, wherein said heterologous nucleotide 
sequence comprises the sequence given as about nucleotides 419 to 4835 of the 
nucleotide sequence set forth in SEQ ID N0:1 . 

7. The rAAV vector of claim 1 , wherein said promoter is an AAV ITR. 

8. A pharmaceutical formulation comprising the rAAV vector of claim 1 
in a pharmaceutically acceptable carrier. 

9. A recombinant adeno-associated virus (rAAV) vector comprising a 
heterologous nucleotide sequence encoding factor VIII operably linked with a liver- 
preferred expression control element. 



49 



wo 01/27303 




PCT/USOO/28221 



1 0. The rAAV vector of claim 9, wherein said heterologous nucleotide 
sequence comprises the sequence given as about nucleotides 419 to 4835 of the 
nucleotide sequence set forth in SEQ ID N0:1 . 

5 11. The rAAV vector of claim 9, wherein said liver-preferred expression 

control element comprises at least one enhancer selected from the group consisting of 
the al microglobulin/bikunin enhancer, the hepatitis B virus Enhl enhancer, the 
hepatitis B virus Enhll enhancer, the human albumin Eu enhancer, and the human 
albumin Ee enhancer. 

[0 

12. The rAAV vector of claim 9, wherein said liver-preferred expression 
control element comprises the hepatitis B virus Enhl enhancer given as about 
nucleotides 41 9 to 4835 of the nucleotide sequence set forth in SEQ ID N0:1 . 

15 13. The rAAV vector of claim 9, wherein said liver-preferred expression 

' control elemeSTcoiinprises at least bng'prornbter selected frdiSi the group consisting of 

the hepatitis B virus core promoter, the mouse albimiin promoter, the human U 1 
snRNA promoter, and the herpes simplex virus thymidine kinase promoter. 

20 1 4. The rAAV vector of claim 9, wherein said liver-preferred expression 

control element comprises at least one transcription factor binding site selected from 
the group consisting of a TATA box, a CAAT box, a GC box, an ATF box, a C/EBP 
binding site, an HNFl binding site, an HNF2 binding site, an HNF3 binding site, an 
HNF4 binding site, and a TGT3 binding site. 

25 

15. The rAAV vector of claim 9, wherein said heterologous nucleotide 
sequence further comprises sequences encoding a promoter and a polyadenylation 
sequence. 

30 1 6. The rAAV vector of claim 9, wherein said heterologous nucleotide 

sequence comprises the sequence given as about nucleotides 150 to 4914 of the 
nucleotide sequence set forth in SEQ ID N0:1 . 
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1 7. The rAAV vector of claim 9, wherein said heterologous nucleotide 
sequence encodes the amino acid sequence set forth in SEQ ID NO:2. 

18. A recombinant adeno-associated virus (rAAV) vector comprising a 

5 heterologous nucleotide sequence encoding a B-domain deleted factor VIII operably 
linked with an enhancer, wherein said nucleotide sequence is selected from the group 
consisting of: 

(a) the nucleotide sequence given as nucleotides 4 1 9 to 4835 of the 
nucleotide sequence set "forth in SEQ ID NO:!, 
10 (b) a nucleotide sequence that hybridizes to the nucleotide sequence of (a) 

under conditions of high stringency and which encodes a B-domain 
deleted factor VIII, and 
(c) a nucleotide sequence that that differs from the nucleotide sequences of 
(a) and (b> above due to the degeneracy of the genetic code, and which 
1 5 encodes a B-domain deleted factor VIII. 

1 9. The rAAV vector of claim 1 8, wherein said rAAV further comprises 
spacer DNA. 

12 

20 20. A composition comprising a population of at least about 1 0 

recombinant adeno-associated virus (rAAV) vector particles comprising a 
heterologous nucleotide sequence encoding B-domain deleted factor VIII. 

21. A method of delivering a nucleotide sequence encoding B domain- 
25 deleted factor VIII to a cell comprising contacting the cell with a recombinant adeno- 
associated virus (rAAV) vector comprising a heterologous nucleotide sequence 
encoding B-domain deleted factor VIII operably linked with a liver-preferred 
expression control element, 

30 22. The method of claim 2 1 , wherein the contacting is carried out in vitro, 

23. The method of claim 21, wherein the contacting is carried out in vivo. 
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24. The method of claim 21, wherein the cell is selected from the group 
consisting of neural cells, liver cells, muscle cells, retinal cells, epithelial cells, 
fibroblast cells, germ cells, bone marrow cells, hematopoietic stem cells, spleen cells, 
pancreas cells, and cells of the central nervous system. 

5 

25 . The method of claim 24 wherein the cell is a liver cell. 



26. The method of claim 21 , wherein the cell is a human cell. 

10 27. The method of claim 2 1 , wherein said liver-preferred expression 

control element comprises at least one enhancer selected from the group consisting of 

the al microglobulin/bikunin enhancer, the hepatitis B virus Enhl enhancer, the 

hepatitis B virus EnWI enhancer, the human albumin Ei ? enhancer, and the human 

albumin £5 enhancer. 

15 . 

^"^'^ " ^ ^^^"^^ '^ The method of claim 21, wherein said liver-preferred expression 

control element comprises the hepatitis B virus Enhl enhancer given as about 

nucleotides 419 to 4835 of the nucleotide sequence set forth in SEQ ID NCht. 

29. The method of claim 2 1 , wherein said liver-preferred expression 
control element comprises at least one promoter selected from the group consisting of 
the hepatitis B virus core promoter, the mouse albumin promoter, the human Ul 
snRNA promoter, the herpes simplex virus thymidine kinase promoter. 

30. The method of claim 2 1 , wherein said liver-preferred expression 
control element comprises at least one transcription factor binding site selected from 
the group consisting of a TATA box, a CAAT box, a GC box, an ATF box, a C/EBP 
binding site, an HNFl binding site, an HNF2 binding site, an HNF3 binding site, an 
HNF4 binding site, and a TGT3 binding site. 

31. The method of claim 2 1 , wherein said tAAV vector additionally 
comprises at least one AAV ITR operably linked to said nucleotide sequence 
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encoding B-domain deleted factor VIII such that said AAV ITR drives expression of 
said nucleotide sequence encoding B-domain deleted factor VIII. 

32. The method of claim 21 , wherein the B-domain deleted factor VIII is a 
5 human B-domain factor VIIL 

33. The method of claim 32, wherein said heterologous nucleotide 
sequence encodes a B-domain deleted factor VIII having the amino acid sequence set 
forthinSEQIDNO:2. 

10 

34. The method of claim 33, wherein said heterologous nucleotide 
sequence comprises the sequence given as about nucleotides 419 to 4835 of the 
nucleotide sequence set forth in SEQ ID NO: 1 . 

15 35. A method of delivering a nucleotide sequence encoding a B-domain 

' deleted factor VIII to a ceircomprising contacting the cell with a recombinant adeno- 
associated virus (rAAV> vector comprising a heterologous nucleotide sequence 
encoding a B-domain deleted factor VIII selected from the group consisting of: 

(a> the nucleotide sequence given as nucleotides 419 to 4835 of 
20 the nucleotide sequence set forth in SEQ ID NO: 1 , 



36. A method of delivering a nucleotide sequence encoding B-domain 
30 deleted factor VIII to a cell comprising contacting the cell with a composition 
comprising a population of recombinant adeno-associated virus (AAV) vectors 
comprising a heterologous nucleotide sequence encoding B-domain-deleted factor 



(b) 



a nucleotide sequence that hybridizes to the nucleotide 
sequence of (a) under conditions of high stringency and which 
encodes a B-domain deleted factor VIII, and 
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(c) 



a nucleotide sequence that that differs from the nucleotide 
sequences of (a) and (b) above due to the degeneracy of the 
genetic code, and which encodes a B-domain deleted factor 
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VIII, and further wherein said composition has a titer of at least about lO" infectious 
units per milliliter. 

37. A method of enhancing blood coagulation in a subject in need thereof 
5 comprising administering a recombinant adeno-associated virus (rAAV) vector 

comprising a heterologous nucleotide sequence encoding B-domain deleted factor 
VIII to the subject in an amount sufficient to enhance blood coagulation. 

38. The method of claim 37, wherein at least about 2 x 1 0'° particles of the 
1 0 rAAV vector are administered to the subject. 

39. The method of claim 37, wherein the subject is a mammalian subject. 

40. The method of claim 39, wherein the subject is a human subject. 

' 41. " The method ofclaim 40, wherein the fSAV vector is administered by a 
route selected from the group consisting of oral, rectal, transmucosal, transdermah, 
inhalation, intravenous, subcutaneous, intradermal, intracranial, intramuscular, and 
intraarticular administration. 

42. The method of claim 4 1 , wherein the rAAV is administered to the liver 
of the subject. 

43. The method of claim 44, wherein the rAAV is administered to the liver 
25 by a route selected from-the group consisting of intravenous administration, 

intraportal administration, intrabiliary administration, intra-arterial administration, 
and direct injection into the liver parenchyma. 

44. The method of claim 37, wherein the rAAV further comprises a liver- 
30 preferred expression control element operably linked with the heterologous nucleotide 

sequence encoding factor VIII. 
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45. The method of claim 44. wherein said liver-preferred expression 
control element comprises at least one enhancer selected from the group consisting of 
the al microglobulin/bikunin enhancer, the hepatitis B virus Enhl enhancer, the 
hepatitis B virus Enhll enhancer, the human albumin E1.7 enhancer, and the human 

5 albumin enhancer. 

46. The method of claim 45, wherein the liver-preferred expression control 
element is a hepatitis B virus enhancer element Enhl or a hepatitis B virus enhancer 
element Enhll. 

10 

47 The method of claim 37, wherein the B-domain deleted factor VIII is a 
human B-domain deleted factor VIII . 

48. The method of claim 47, wherein the heterologous nucleotide sequence 
1 5 encodes a B-domain deleted factor VIII having the sequence given in SEQ ID N0:2. 
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49. The method of claim 48, wherein the heterologous nucleotide sequence 
encodes the amino acid sequence set forth in SEQ ID N0:2. 

20 50. A method oftreating hemophilia A comprising administering to a 

hemophiliac subject a biologically effective amount of a recombinant adeno- 
associated virus (rAAV) vector comprising a heterologous nucleotide sequence 
encoding B-domain deleted factor VIII, wherein said B-domain deleted factor VIH is 
expressed at therapeutically effective amounts. 



51. A method oftreating hemophilia comprising administering to the Uver 
of a hemophiliac subject, a biologically effective amount of a recombinant adeno- 
associated virus (rAAV) vector comprising a heterologous nucleotide sequence 
encoding B-domain deleted factor VIII. 

52. The method of claim 5 1 , wherein the liver expresses the encoded B- 
domain deleted factor VIII, which is secreted into the blood in a therapeutically 
effective amount. 
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53 . A method of administering B-domain deleted factor VIII to a subject 
comprising administering a cell expressing B-domain deleted factor VIII to the 
subject, wherein the cell has been produced by a method comprising contacting the 

5 cell with a recombinant adeno-associated virus (rAAV) vector comprising a 
nucleotide sequence encoding B-domain deleted factor VIII. 

54. The method of claim 53, wherein the cell is selected from the group 
consisting of hematopoietic stem cells, liver cells, fibroblasts, epithelial cells, spleen 

10 cells, pancreatic cells, keratinocytes, endothelial cells, myoblasts, and neural cells. 

55. A method of producing a high-titer stock of a recombinant adeno- 
associated virus (rAAV) vector comprising 

(a) infecting a packaging cell with a rAAV vector comprising a 
1 5 heterologous nucleotide sequence encoding factor VIII, 

' - (b) allowing the rAAV genome to replicate and be encapsidated by 

the packaging cell, and 
(c) collecting the rAAV particles to form a rAAV stock; 

wherein the titer of the rAAV stock is at least about 10* 
20 infectious units per milliliter. 

56. The method of claim 55, wherein the heterologous nucleotide sequence 
encoding factor VIII is operably linked with a liver-preferred expression control 
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element. 

57. A virus stock produced by the method of claim 55. 

58. A nucleotide sequence encoding B-domain deleted factor VIII 
operably linked with a hepatitis virus expression control element. 

59. The nucleotide sequence of claim 58, wherein said hepatitis virus 
expression control element is from a hepatitis B virus. 
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60. The nucleotide sequence of claim 59, wherein said hepatitis virus 
expression control element is a hepatitis B virus Enhl or Enhll enhancer. 

6 1 . The nucleotide sequence of claim 60, wherein said hepatitis virus 
5 expression control element is a hepatitis B virus Enhl enhancer. 

62. The nucleotide sequence of claim 58, wherein said nucleotide sequence 
comprises the sequence given as about nucleotides 150 to 4835 of the nucleotide 
sequence set forth in SEQ ID NO: 1 . 

10 

63. The nucleotide sequence of claim 62, wherein said nucleotide sequence 
further comprises a promoter and a polyadenylation sequence. 

64. The nucleotide sequence of claim 63, wherein said nucleotide sequence 
1 5 comprises the sequence given as nucleotides 1 50 to 491 4 of the nucleotide sequence 

^ " set forth in SEQ ID NO:l. 

65. A vector comprising the nucleotide sequence of claim 58. 

20 66. The vector of claim 65, wherein said vector is the plasmid disclosed 

herein as pDLZ6. 



67. A cell containing the vector of claim 65 . 
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FIGURE 1 

10 20 30 40 50 

l914'Sfi789Q 1^^4567890 12:^4567890 1234567890 1234567890 

TOG0C3ODC CICICIGOQC QCTO3CTOGC 50 

Mosiaoaoc caoQCJOoaaG crnQoacGG gjsgcctcpg TCftooGfiGOcs loo 

2^3agCX3GSGA Qm3fiGIGG (X3^AC^^ 150 

TCrnCEAftG TAA?OG?ERC ARSAACCTrr AXOOGfTIGC TOQGCaftOQG 200 

OCiaaCICT QOCMGfroiT 250 

QGC]C3ffi?^3QC C3iTCfiQCX3CA IQCQQftTCIC A3K3IQC3nT T3CAAGRQGA 300 



i^GCAAAA?^ CICKXaCDC AGQQCIQGAA 'iUlTlOCaOC CAMGIOSAG 350 

CfiGIGIQCSIT TIQCaaGAGG i«QCaA^^ CCTCTOOO: CfiQQOCIQGA 400 

CIOSfiSiGCT TO3Aa3m^ TGCA^^ 450 

M etGlnlleGl laLeuSento: CysIfeeHbi^ 

TisiQacTm GOsmcTOC Tn2m3ac^ 500 

euqysLeuLe uftrgEheqys HieSerftlaT hrftrgfirgT/ rTyrl^uGLy 
QCfiGIQSAAC TGaXSm^SGA CT?ffimrAA 550 
AlaValGOuL euSerTcpAs pdytlfetGan SerftspLeuG liGluIauEr 

TOiasftoocA \sGftTnn:TC CT^^ 600 

oVcLlAsp?aa ArgflieEcoP roArcfValEr oDysSerEte PcoHieAsrfP 

OL'ic^iosr GaacftAftAaG A Ci L' i u m G TaGamcac GGarcaoCTr 650 
hrSea^alVa loyclysliys UirLeuflieV alGluIli^ iValHisT m 
Tin^caioG ciaftQC£3^ Gcr3m^ too 

HieAsnlleA lal^'sEraar gProErofErp lfet331il£uL etGLi^toaOh 

cfiiKi303cr G?^3GfrnmG AiacAGrosr ooracaciT msiPCsmsG 750 
meSliiAla GluValTyrA spdhiValVa in^ttirlfiu LysAsritfetA 

CTKXxaacr TCacsGiciT 800 

laSerHisEr oValSerLeu HisalamG lyValSerTy rTi^SDysAla 
'ICiS?m3flG CIGAM2aX3A TGMX^^ 850 
SerGLUSlyA laGluTyrfts paspGariflir SerGlnftrgG liaLy^-uAs 

TKXriGGflG GAAGOCaiAC MffiTOICIGS CAQGflOCJIGA 900 
rftsEiDysVal ElieProGlyG lySeiili^ rTyrValTcp GlnVall^ 
AAGaGAMOG TOGAMGOaC TCHSMOGAC TCfIX3CX:TrAC CKOCAIIKr 950 
ysGlioAsrCl yProMetAla SerAspEroL euCysLailh rTyrSerrOVr 
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FIGURE 1 (cont.) 
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hrLysAsrfie rloiMetfiln A^^^ 

S^ftMQC iOOGI^ 1200 

S^tH i^aOi^ rfayl^ ^^snAr^ 

uIleSLiCys HisAr^ erValTyrTr j«isValIle 

SSS i^n^n^ 

rgGli^ .i-^-ne 

La^tA SE^^^ rja^^ 

a3^SCMX3^ QQ^^ 
SSsedii sSliiHisasp cai^^^ 

^^^^ C^sEcoGluG liiEroCSliiLe uAr^tDys AsnAsnGluG 

fS^^ A^^^afllnA ?pser<au^ 

rEtoSerEte neSlnaeA rgSerValM 
QQSraC^mA cmXX^ 
^ValHi^ rneAlBAla du^uA 

racHTA ^Dciaaacx: ocx^^ 

^^^^^^ ^^^^^^^^ 
^^^^ TCWo^ cxrJB^ 

<=^^n'^^ 

^'^^^^^^ ^'^^ 

^^^^^SAMO^ Q^^^ 
euIlaaeKi eLysAsnGOn Al^Se^P ronyrAsnll 
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FIGURE 1 (cont.) 
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ciaaxnj^c oGazaooG MOiDasioc tttc^tca iiGGSGKnjRC 3S50 

^TyrPHDHis (SLylleflhrA ^alArgEr dLaiTyrSer Argftr^^uP 
CAAMQGIGr AAARCMTIG MGSmnC CJftMTCIQCC AQGKGAMflA 2000 
roIysGa.Wa Uiystti^iai lysAspiEheP roIleLeuPr ocayGELuTLe 
TTCAftftTMA AflTOGfiCfiGr GadGEfiGaA GMQGQCXaA CiaAftTCRGA 2050 
Hi^llAf^iyji y^nimirVa llhrValGlu AspGli^toT hrljysSeias 

TCcioasiQC cicacjooacr AnsocraG masmfiT A3X3amaG 2100 

pEcoArgCys LeLflhrArgT yrTyrSerSe rKieValAsn MetduftrgA 
ScERGSnC MGaCTCMT QGOOCTCTOC TCftTCIQCIA CAAftGAftTCT 2150 
^itfiualaSe rdi^^eune dyEcoLeuL euIleCy^ rlysGluSer 
^^CAAA C3SQGRftftCCA GMaftlGKA GfiCAftGfiQCSA AIGIERTOCT 2200 
ValA^jGtoA rgGlyAsrtSI nll^fetSer AspiJi^sftrgA snV^lTLeia 
OnnCTOEA TTIXS^aGRGA AOCGAftQCTG GfEftCCICftCA GfiGAM3ffiRC 2250 
ulheSerVal HieAspGlLiA snArgSerTr jilVrleiflhr cauAsnlleG 

AfioacsTicr oaocAMOS^ QCT^^ 2300 

InftrgEheLe uEccAsnEco AlaG3.yValG InLeuGIuAs pEroSLuaie 
caaQcnacA AcaicMQCA gagcatcs^ GGdMGnr TrcsfflfiGnr 2350 

GinAlaSeaA snll^tHi sSerlleftsn cayTyrValP heAspSedl^ 
GCagiTOICA GITIGrnGC MGfiGSIQGC MSOOSEftC AITCEAaGCA 2400 
iXSlnLeuSer ValCysLeuH isCa.uV&lAl aTyrTtpfryr Ilel^uSerl 
TiGGfiQCaCft GftCIGACTEC cmUlG I CT TCTICTCTaS MaJiftOCTIC 2450 
leSlyAlaGl iflhrftspEtie LsuSerValP h^EtieSerGl y TyrlhrE he 
AftfiCfiCAftAA TOSICiaaGA i^^^ 2500 
lysHisLysM etValTyrGl uAspOlirLeu Ihrl^uHieP roKieSerGL 

^AAftcroic TicKroiasA TOSftAAAOcr MGaxifiiKrQG Ancrooasr 2550 

vGliflhrVal Eh^tSerM etfiluAsnEi: cCSLyLedSrp JldLMjGLyC 
QCxaCAftCIC AGfiCrnOaG A?OGfiQQCA TSO330CTr ACTC3?«G3rr 2600 
y^ttisAsnSe rAspEheArg AsnArgGliM etahrAlalfi m^uDysVal 
TCIftGriGIG PCP^£3>>M3C TQGIGmaT TROGRQGRCA GTEKIGaaGA 2650 
SerSerCysA sgLf/sRsrOh rGLyA^jTyr TyrGluA^ eo^iyrGluAs 
TMTICfiQCA TfiCnOCaGA GIA^^ 2700 
tiXleSeczaa TyrLeuLeuS eaJjysAsnAs nAlallecaiu EcoArgSerP 
TCKXXaGAA TICAMSOC (XJEfiQCACIA QGCAAAM3CA ATTIAZmaaC 2750 
bgSeEGanAs nSerftr^s EroSerTlirA rgGlriLysCa. nKieAsnAla 
iaXX3€CPG ICnGAAfiOG OCMCCAAaaS GAAKEAACIC G32AC?iaCICr 2800 
OhrErDProV alLeuIysAr ^iisGlnftrg duIleOlirA rgOlirlhrl^ 
TCSGICAGftT CAfiGfiOSAAA 2850 
uGlnSerAsp GLrtSluGluI leA^^yrAs pA^mirlle SerValGluM 
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FIGURE 1 (cx)nt.) 
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"•IGAZO^Z^ AG^T^ 2900 
etiJvslJ/sC31 uAspElifiAsp neTyrft^ luA^uAs uGanSerEro 
OgSocmC AAAfiGAAAfiC JOSOCTKr TTISOTOCTC CSGI03fi(3aG 2950 
AcgsenlieG IriEysIy^ rftrgHi^Tyr EtelleAlaA laValcauAr 
QCTCiQGGAT aMG9GSa)GA QiaQCTCXir iOOGncm i^GAMOGOG 3000 
cifiLflipA^ lyrca-i^fets erSerSerPT cHi^all^ AcgftsnArgA 
S^fiCTQG CaGIGIXICT CfiGTICAftGA AfiGITGfmT a^QGAftTTT 3050 
laGtoSerGl ySeiV&llto GliiEh^^ 

;OGR!IQacr CX^rrUOCA OaOCraKEfiC OGflGSfiGAaC TftAMGAaCA 3100 
Thr2^spGlyS erHi^IhrGl nEmLsLffyr ArgGXySLuL eiAsnGLuHi 
•ITIXSG^IC aOGGGCEOT AEftOJ^^ 3150 
sLeuC31\lieu LeuGEb^R^ yrlleArgftl aGLuValCSlu A^)AsnIl^ 

TOGEMcrrr cAGAAftJiCfiG GOddoirc oCTmocrr cimtcergc 3200 

etValUirHi eftrgAsrtSln AlaSerftrgP rofTyrSerHi eiTyrSerSer 
CTij^ITlCIT iffl3fi(33^ 3250. 
LeuIleSerT yrdufiLuAs pGintogcan GlyAlaCILuP raArgLysas 
CmGICAAG 0CTAMI3AAA OCaaAACTm CnTTOSAaA GfUaCAACaTC 3300 
riEiieV^YS EcoAsnGluT hn^^^IlirT/ rEti^TrpLys ValGliiHi^ 
jajKlQgCaCC CACEAASGAT GAGITIGACT QCaAAGC]CIG QQCTEAmC 3350 
i^fetAlaPr cmnlJi'sAsp GluEheA^ ysLysAlaTr pAlaTyrEhe 
TCTGAranG iO^QGAAAA A3AaX3raCaC lEAGQOaKSA TIQGAQOaCr 3400 
SerftsDValA spiLeuGluLy sA^ValEiis SerGliifiuI leGlyPrbl^ 
i^CTCIQC C3003»CA OOSAAOO^ 3450 
uLeuValCys Hi^Ihrftsrir hrLeuAsnPr oAlaHisGly AcgOliiValT 
GRGUCaGGA janOC^ICIG TrmCAlXA TCrrroAaGA GAOCaAAAQC 3500 
htValGMSL uHieAlciLeu HieEbfifllirl leElieA^ lilbrLysSer 
TOCSEACnCA CIGAAASaar G3AAAGAAAC TGCEGOQCTC OCTOCAATAT 3550 
Tcdiyrai^ hrduAsrilfe tduAEgAsn CysArgftlaP roCysAsnll 
GCMaaaCSAA GAaCOCACrr TEAAAGAGAA TTATOGCTIC CAiroCaAIICA 3600 
eSUifetGlu A^iPrcmirP h^Iy^uAs riTyiArgEhe Hi^^laja^ 
jflQ3CTACAT AAaX3GAIEfiCA CTAOCTGGCT TAGIAATGQC TCAQGATCAA 3650 
srtSLvTvrll &5etmnhr LeuProGlii. euValMetAl a£aiiAspC21n 
^^QSOTTOGAT QGEOCIQCT CAQCAIQQ3C AG2AAIGAAA 20TCCATIC 3700 
AralleArgT rtnyrLeuLe uSerlfetGly SerAsnGluA snll^iisSe 
TailCAimC MOSACAIG TGlTCACIGr MGAAAAAAA GAQGAGEKEA 3750 
rll^iisaie SeEGli«isV alSiellhfVa lArgLysLys GLuGliffyrL 
AftMQGCACr GDOA3CIC TA3CEAQGIG TTTITGAGAC i^GIQGAAMDG 3800 
yg^fetAlaLe uiyrRsriLeu IVrPinoGly^ 
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FIGURE 1 (cont.) 
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^^^^ S^QCA C30TITII:T GSK^^ 
or«aHisAla (a^/lfetSerT hrl^^ 
ft^^OT GGGAAJrarr TCTO^^ 

l^EraLe u£a.:^tAla SerGli«isI leftrgft^Ih eGanQeOHr 
MaSerCSLvG lriiyrGli<a rtErpZOaEro DysLeuAlaA r^^iiHi^ 

is^^ IleAsnZOaT rpSerHniy sGauEroItie SerTrpIl^ 

GITOCXS^ i^Sffi^ 
^^S^ ^iau^aaPm Mfetll^eH i^yll^y J^^^Y 

iOTCTOCS^ OTCEO^ 
S^^^ ysft^eserse rLe^Ile SerGliiael 3^^^ 
^SS^ SgA^^GAAGT QGC3«3^ 

^iuAsp ca-ilysLy^ rpfilrilhrT/ xftrgSLyAsn SerthrGiyr 

cncpnx3c;c i^ffl^^ 

cKXs^z^ -racn^^ 
S^eAsnP roEroIl^ eAlaftrgiyr neftrgl^ isErcOhrHi 

0GCfiGC3OC Tia3C?^ 
i^S^e ArgSeEOhrL euiArgMetGl ul£utfe«31y CysA^mA 

^SaTIG QS^MX^ 
^icvsSe rSfetPrdLea diWebSluS erLysZOall eSerft^Ala 

O^nA CITE^ 

S^^IlirA laSerSeriy ra^Il^ 

TOCSAQ3S^ <3^^ 
^^S^ Ar^euHi^ euGli^yi^ gse^^ 

^^^^ Saaw^ TOQCI^ 

nPmqysGlu TrpLaXanV alA^S^ ri^/^Ehrifet 
TCfiGQS^ AA^^ 
^alS^G IWallhrTh rGlriSLyVal lysSerLeuL euUirSeHfe 

SsTIXina. TCIO^ 

SsS^euI leserserse rGlx^y His^^ 
^^iS? TCAGAATOGC AAft^^ 

^a^heSi eSliAsrtSly LysValLy^ alEH^anGl yAsnGlnAsp 

cTCici^ cx^m^r^ 

si MlhrP roValValAs nSen^euAsp EraRraL^ eulhrftrgiy 
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FIGURE 1 (cont.) 
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OCTTOGAftTr CAOOCXxs^ Gnm^^ 

jl,euArgIle HisEcoCSJiS enTipValHi sGimleZOa I^utog?^ 
;^G3nCT393 CIGCX3fiGGC3^ CaO^^ 
luValLaiSl yCysGluala GanAsjI^tfl' yr. . . 
^^^^ SScWfflAAA MSO^ 

OOCICICIQC QOQCaaXTC QCTC3^^ 

^OSrooggOG AOCITIGSIC QOOaQQOCIC PGTGMSCSfG OSftOOXBCA 
^^rrrrrwY^ TCrnrrT^. l^CirrrgnrT; OITGgTrTnT CGGCTGOgOC 




.^n^arrgyf^ y^^AAftff oga fYyTrRA cacgy^fflryny} gcxsarooos 
.rr^rr^rr. z^>twt7. oYT^nTOnr rnrroyrT oxnosroqxg 
r.,rvrrria^ g rarrrron oacTJw rrn ATOrr?iGirT; GOcrrrCTcr 
fTTTTrryriAaG rrnrmacTT TmrftMGCTP rarrrTOP vn c?ia!iciCfiGr 
rrrry^,r^mri i crrmrTY^ CAT^y mynn TTTHCTgrwr. AftOOOOOOCT 

rmmcrrT Tft!icicrY?mA. cTftj TJGicrr 
rr^rrmarar^ oafirnnv^-rrr, oc:fiCT ?nrw-, n^J^CTtr. TAACfiOGftTr 



4800 

4850 

4900 

4950 

5000 

5050 

5100 

5150 

5200 

5250 

5300 

5350 

5400 

5450 

5500 

5550 

5600 

5650 

5700 



6/25 



wo 01/27303 — ^ PCT/USOO/28221 



FIGURE 1 (cont.) 



10 20 30 40 50 

l9^4Rfi7890 19^AR67890 12^4qfi7890 1234567890 1234567890 

arryafltm a^rarreaaog rrynrpiTO ^ Gg^'i'iLTiCjA Aiii:^n:GOC: 5750 

TiMvrTOrQCjC Tw-aniaGAA rrarRfliarr TOSiajCTac ogiciQgiG?^ 5800 

Bnrraf?nac rwrsAAAA ?^flfiflniQG?m (ctcttsmk : cggcpmcpa 5850 

afT'AnfYrrrG rnw^msm:^ TTT^^ 5900 

ra^AAAAAAA (yjATTTCAftG A^ tf^^'nTTflTr Gfi!ICTITICT AOGa^'ICIG 5950 

ArrnirgGiG n&arr^^AAfiC mnannnaaG flmrrmoGfr GftlGSGftTm 6000 

qr AAAASflSA TrWTftOCTft. nATTrrrrm AATPftAaAfiT GftftUriTrfA 6050 

RTTAATngA ar?rATMaJG gffTAAaCTIG fflPIGftCaGT TaocAaiGCT 6100 

ylGellreS 

-EftftTCftGlGA QQCaOCiaTC ICSmSOCr GICimnCG TICMTOCKIA 6150 
yipT. .siHo rPlaV. . .gr AueLreSgrA psAellulQi sAtd^fea:Tue 

GnoociGftc icDoaGJiasr omsmicr MJSimysGG mqcteace 6200 

InlGgrftlaV ylCSgrftgjAr KEceSueL. . .reSlaVorP orPceSlaVt 
MdOOOaOC AGIQCIQCAA TSROSmaOG imXEAOSC TC2m33CTC 6250 
^tolG>d<^ IfeiHtilGueL reSlaValAu eLylcaaVre SlaVorPulG 

cftGftrmac AOCftftTAAfic caoocaQaaG GMOoaoDSA oaocfiGMGr 6300 

ue[nsAelIu eLueDLieLyl Galftufilgrft. diPorl^rfta lAsyCSehEsi 

GsiociQCftA crrEOCXDac crocMasG ociJOTs^m' GfnxxxxaoGA. 6350 

HbsftnlGufiL siiisllgrfig r?^xEiylGdi T nsA nsAylGorPu 

i^GCEfiGaGm i03^Gna3C cacsmMaG TrroaocAftc GiTOnQcxA 6400 
^ ueDue Ltyoisaam ueiL. . .rym sAalAsyQgr AnlGnl(^(rT 
TTOCTaCMS C3an3IGGaG TCfiOaCTOSr OGfrnOGaaT OyLTiCAllC 6450 
nlG. . .vks yC^r^torPdi TlaVceSrhT i±£IiTlGEyTo rPs^/Uim. . 
A3CTOCX3giT (Xn^fiDGATC 6500 
reSgrftnsAylGLaVellu eLalAu^.. .t^fellylG prTdlTrhrs 
^aAAAMGCJG GTEftGCTOCT TOaSKT^O: GRTCGriGIC J^GAftSIAflGr 6550 
yCdiPueLor P. . .reSgrA grSpsftulGr eSgrftnlG. . .ehPcyirhr 
TOXOOCso" Grmrcpcic mggtimqs oozmjigca imurcicrr 6600 

orE^rftueLr MtelllaV. . .orP. , .orP ueLOaValAr yDnsftulG. . 
XIGICMO: CMCmCAAG jflO LTlTiUi ' GIGftCI03IG AGIftCICAAC 6650 
nlG . .am t^^rftueLe llreSsyLnl GceSnlGsiH rhTreSu^ 
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FIGURE 1 (cont.) 



10 



20 



30 



40 



50 



^r^r^^^ f^pan 19?AR67890 12:^4.Sfi7fi9Q lj23 4Rfi7RQ0 1234567890 

j^jjiifPt^^^ AufiLeHdCT ryl^lAalAl aVceSnsftre Ss^lylGorP 
ogicft^^as^ QGsas^fiaacc oorcfiCKiA ocaGAzorr AftftftGitijit; 

jiflUemaVo rEcyTcyrgr AalAlaVryT syOebEsyLu eiueLalA. . 

nlGehP laVnsAsiio rBalA^la VgrftueLreS grftlaValftr 

KCreSellpr liisAreSriiT laVEnM-Gs iina\^H:TEe Sellsil/Mj 
oiscrrmc tticpccs^ GmcroGGfr g?«3Gaaaasc jvggaaqqcaa 

j^MQOOGCSA M^M^BS:^^ Ma33JSC^ 

Psil^rftueL ^iRjrP^iPu eLorPreSLa VteSellnsA ehPlaV. . .1 
j^CjCnocTT TTK^MOT MTCAAQOff TimCAG^ 

.jg^QOSGAm Cft3MTIG?A TCIMTIISGA. AA^^ 
0agC)QC3Off TiaXOSAAA imXX3«^ 

-IOg03CX3ITr a3Grn3«IGfiC QSIGftAAftDC TCIGAC20T QCAGCICJaaG 
qj2Q330G0G TCAQOaOGaXS TIQQOa^ 

OCJOCaCAGAT QCX3EftAGGAG AAAKCfiCXXSC MCfiGGAAAT T3I!RAaa3IT 
aaTOTWTCT TaAZ^?x™3C; GaTTAAATTrr TCirAAATTA GCTCftT mT 
nmarrAATOG (r^rTAAATOS QGAAAATm: TTfiTAAATTA AAaGAATA g^ 
prT:ar3ArT,^ C^nnarm^IT GnTTrrw^TTT OSfi ar-A?^ TOCACTftTm 
r^r^trmar. ACTXft^^ rAA?^flQgOS^ AARfiCYTTrrr MCaQ33C33^ 
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FIGURE 1 (cont.) 
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irrrrrirm, Q CT-^anTXT fwriCT^ ^Tr AaryprmTC G3G?ro3aG3r 7650 

rrvY^mAafy! a cT^AATor, Aagr ^^Aar; onaocmiJS MTEfiGaogr 7700 

nr^-^royra^A aQ Crrynr?^ QSIGGP n^vnA AT^nRAftOGTA AGftAftQCXS^ 7750 

^^■.sryrryp OCTy^yrry 'rnyASgrr^r arrtynraOG CIGOGOSm 7800 

rrwTW-arr cx ^rrrvnvr AftlQCr nnnn Tftfgmm: GfTOQCmaT 7850 

nrrrrv.rr^ og CwrTAA CTOIUJ nr^A rYnHRMim; TOOOgOCCIC 7900. 

OGcy-^vryTO CTacac ^- rynrnr^mns Q3CT 7944 
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FIGURE 6 
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TOOocToa: cncxciGoac QCTOSci^ so 

AMGroaOOC GZmXXQQG CrnOCDCQG QCGOOCKaG TG?m3KQ03 100 

A3Cxm3m GAQQG?m» a3^?OXaT OCT^^^ 150 

TCPITCEftfiG TftAfiCftGiaC MGaSOCTIT AGCJOOGfTIQC TCGQC3^ACQ3 200 

CCIGGICIGr QOCaAGnOT 'IGCnGfi^^ 250 

QGOCjasm: ooczmxA TGOxsaxTC 300 

AQCAAAAfiGC CTCTOCSm: A3QCE!IGG2^ 'lUiTiaaCE CmUGJUSG 350 

camuiuGT r irocaaGag? AaocaAAAftG exnciocacc eaoGOOiGSft. 400 

CTOSRCXnXDCS AjRGSn^ 450 

^t3Gln V&lGluLeLCr 

AaocnQciG cmc'jLGTG C cnnGoocT TcaGGcnaG TOocaocaGa. 500' 
yrtteCysCy sEhelffirys LeuLeuEroP heSerLeuSe rftlaOlicftrg 

TOaGTIQCKGr G3\ftCIGIGC TaOGftCIMA 'ZQCaAfiGTCA 550 
lysfTyrTyrL euGOyAlaVa ISLuLajSer Tcpft^^iyiM etXSlnSerfts 
CCIQC?K3^ G33CIGCMJG 03GMI5O^ CTlTiLTlO: AG3Gn3CraG 600 
piLajLeu&r AlaLeattLsA laAspfflirSe rlheSerSer An^alEnoG 

GarcriTCa: pcicmxs^g TcaGiCRaar jiCSGAa?^3RC 'n:?iumum 650 

lySerLajEr oLajIlirTlir SecValOhrT ycftrgE^^srih rV&lElieVal 

GfiGmacM MGacxTiTr CAficariQCE AasxicaGGC cacxisiQGftT too 

GQ.iiEi3fi31irA spRspLaiEli eftsnlleAla D/sEroargP roPnofEiiife 
OgGCdGCIG GSrCCI203^ 1CCfiQ3C?IGA GGflTIMGfiC ACaGEDaGTIEA 750 
txailiSuLeu GayEroOhrl leGliiAlaCa. uValTyiftsp nhrValVall 

TimuLTjm GftftcaiGGCT 'ici\2A!iac'iG axaGOCTiCA ox'im'iaji' soo 

leValLeuLy sAsrifetAla SerHisEcoV a1SerTa.iHi sAlaValGly 
GIMOOMT GGAAftQCTTC TX3A2^3GaXXT 850 
ValSerOycT rpLysAlaSe rduGlyAla GLiiTyrCSLuA spGLrilhrSe 
aC3WM^3C5^ AaflC3Aat3fflK3 MJftMGICAT TXXJIQGflGaA. J^QDCRmTT 900 
rGlnLysGO-u LysGCLiiAspA ^AsnValll eProSLyGlu SerHisIhrT 
MGICIC3C3CA GSTCCTS^PiA GaGA?m3GaC C3^M03X?IC TC2^iaCftCrA 950 
yrValTtpGGL nValLeuLys (2LuAsnGlyP rcJfetAlaSe rftspEcoPco 
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FIGURE 6 (cont.) 
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rvr^T «flhrT yrSerTyrfii eSeaMsVal AspI^V&lL ysA^£eiafts 
SE^ScrC AnOaGOGC IGCroGfrnG CRASGAflOOG AGfKTOQOCA 1050 
nce^c31^^ neGlyAlaL eiiLeuValCy sLiy^uCay Serl^uAlaL 
^^MQGfiC ACAGfiOCTIG GftSSAaTTTO TOCTRCmT TOCTCDflTr nOO 
vafiLuftrcflh rGarflhrLen GOifiluKieV all£!Ul£uSi eAlaValEte 

i^sriSLvCSLyL ysSecTCFHi sSerGlijahr AsnMaSerL eilllirGlxiAl 
^O^CXX^G C2m3fiQCIQC JO^^ ^00 
aGluAlaSLn HisCSluLeuH i^Ihrllefts riSlyTyrVal AsnArgSecL 
^C3i33ICr -HOGIGIGr CRCRaGfiGRT CRGICEOTG QCSmSKSRaT 1250 
«jPrnai\Cie lilhrV&lCys HisDysftrgS erValTyrTr pttisVame 
QGAKiar»3^ 0C3OTXX^ 1300 
Gl^AfetC31•vT hr^EroGl uValHisSer lleEh^L^ luSLi«i^ 
^ncnrarc MGAfiOSOC occROQacic crroGfisac TcacxaKim 1350 
raeLeaVal ArgftsnHisA rgGtoAlaSe neuGluIle SerEroIlefT 

crriccmc igctsgaca TiuL'iGftJGS AxnooocA amcrpcsG im 

hrrbeLoflh rftlaSlrilfer Kii^LaiMfetA spLeuiSLyGl nSi^Lfiut^u 

TnrcfixsffiA TCC^cncxxA •rcAACfiiGfiT asimos^ anmoKs^ 1450 

ftirfVsHisI lePcoSeiiJi sGlriHisAsp GELiSfetGluA IsTyi^VaUy 
^^aaSSGC iGOCTfiGAQG AAOOOCaQCT QC3a£mGAAA AAaJAMIGAfiG 1500 
<^ValAsDSer CysEroGluG luEcoCSLriL^ uftrgMetlys AsnAsrtauA 
trftftftC^ TGMGKroGfT CmMOMT CIG?OaX3GA QSiSGrERQC 1550 
snnvsAscnv rA^iRspGly LeaiTyrAspS erA^tAs pValValSer 

ACftGdCTTC TOCCrriaTC CAAKroOXT CfiGTIQaCSA 1600 
rbrf^scftscA s^SerSerSe rEcoihelle GtalleftEgS er^aLalaly 
^^OCT AAAaCTTOGG TOCSOKERT TOCaXXJIGfiG GMGRGGftCT 1650 
sDvsHisPEO Di'^IhrTcpV alHi^n eZOaAl^u GLuGLuAspfT 

TO0CK3^3cx: acnm^ 1700 

rbftsdlViAl aEroSertSLy EccOlirErQA snA^ArgSe rHistysAsn 
SSfl^ ^O^MQGKX: 1750 
T«yivrLeuA snAsrtSlyEr ocanAcglle GL:fij/sU/^ yrLysT^^Va 
O^^TIGIG QCSmSOG AaXSmSTT TftAGRCIOSr GAaGCTKTIC 1800 
iftralheVal AlaTyrliuA spSLLflhrSi eEy^IlirArg gluAlalleS 
i^IGAATC MGAMO^ 1^50 
iwTVrCJLuSe rdylleLeu GXyEmLeuL euTyrGliKSL uValSLyAsp 
^^IGA TEKERTTIAA GAMGAfiGOC MCmOTfl? ATAZOm^S^ 1900 
IhrLeuLeuI lelleElieLy sAsnGlnAla SerArgErca- yrAsnlleay 
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QOdCRiogs AicAATEms Tooccror ocfiCRCfiQQCs jomoocz^ 1950 

3;j>coHisGly IleAsriTyrV alHirPcdLe uHigCirGly An^jeuEroiL 
j^^33IQJX3A ACMTIGAAA (3fflMX3aCaA TICr3Cn33G AGAGRIMTC 2000 
ysGQ-yValLy gHisDeiiLys Asj^fetEroI leLeuEroGl yGLuTLeElie 
j^SGIKiaft2Vr OGflRGAftGfiT QGfiOCJ^fiCm AftaxaGaiOC 2050 

I^^^ryrLy^ rptthrValTh rValGluA^ GlyProOlrtli ysSerftspiPr 

TO3siQaciG A033GMCKrr ACiCAAQcrr cmM!iciG Qmacarc 2100 

oftrgCysLeu HirArgTyrT yrSerSerHi elleZ^snLeu GliJArgftspL 
f£2^QOTCSQG iOCATIQ9C OJiLTlCTCA TCIQCE?OA AGAATCIGIA 2150 
euAlaSesrOL yLeuIlefSLy EcoLeuLeuI leCy^Tyrly sGLxjSerVal 
GKICAAftGaG GAASOCKGAT GMGICfiGfiC AfiGftGAAMG 'iLmUC'iGiT 2200 
AspCnnZ^ lyAsrtSOLriyfe tJSfetSeEftsp lysArgftsnV alll^LeuEh 
TiCIGBVnT GMK3AGAMC GAftQCTGGm (XTCACfiGRG AMaiQCSGC 2250 
eSerVaiaie AspSLiJAsnA rgSerTrifly rLeuIhcGIu AsnlfetGanA. 
OLTXaCIOOC Caft3GC20ff GmSIQCaOC dXMGACrC AGfib'i'iOJAA. 2300 
rgKnajeuEr oAsnAlaAsp ValValGInP roHisAspEr caGQ-uHieGln 
CTCICEUO. TCaiQCaCRG CMCRMX3GC TKTUmTiG ACZ^ACPnTA 2350 
LeuSerAsnl Id^fetHisSe rJlef^snOLy TyrV^UteA spAsnl^uGl ' 

QdGicfiGrr ' XGTi'iG caiG jmroGOSiA CTOGfiacKrr cmscsraiTO 2400 

riLaaSerVal CysLeuHisG luValAlaSy rTcEflVrlle LeuSecV&lG 

TGfiCnOCIG TCTGICnCT TdCIQGAaA ISCXTKS^ 2450 
lyAlaGaiflSi rftspEheLeu SerValBieP heSerGLyiy mirSieDys 

cso^aaaaoG acEMGAfiGA cacftcnaa: cicriGCEKr TcrcftOGfiGA 2500 

HisDy^tfetV alTyrduAs pfllnlieulhr LeuKi^EtDP heSerGlyGl 
ASClGICnC MGICAZaQG AAAftOCXaOG TCTSTQaSTT CaX39C3GaX3CE 2550 
vflhrValElie IfetSerlfetG lijAsnEroGl yLeuTiTAfel I^uG ayCysH 
i5CMCK3GA CnTCQGAAC AGaGGCaSDSA CRQOCTEO' GAftQUiTiLT 2600 
isAsnSerfts pItoeArgAsn ArgGOLi^fetT hrAlaLeuL^ vOJ/^mSer 
;^3nX3E»CA QGS^ACATIGA TSATEMnaT GaOGRCaCAIP MSAAGAaSO? 2650 
SerCysAsnA. rgAsnlleAs pAspOyraVr GlxaAspOlirT yrtS3.\3 A^>n 
TOCaACICXr: CIQCEAAAIG AAAACftAaJSr AAITAAACCT AGAAQCnCT 2700 
eErc^hrEEo LeuLeuAsnG luAsnAsnVa IXLeDysPro AcgSerSieS 

oacficaATic ASGQC3m:7r AGcao^^ 2750 

ecOnAsnSe rAr^IisEiro SerHniysG lijLysGlriLe xjLysitfetlys 
j^GBGAfiGATT TIGACaiCEA CXSaOSRCIM' GAAAAnCAQCS GCCTOOaCaG 2800 
ArgGluA^P heAspIlefiy rdyAspTyr GluAsnGlnG l^C^uArgSe 
CmCAAAfiG AAAAC303AC ACTMTTCAr TOCTOCfiGIG GAQCGICICr 2850 
rghgryinTjyg Ly^IlirAroffl i^Tyrlliell eAlaAlaVal GluArcf^uT 
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GGsmaiGS G?m3?oraGA TCiaxcRm lacn^ftGaaA cfiGaocacz^ 2900 

rpA^^TyaXSL ^DfetSerftrg SerEmoHisI l^LeuArgfts nargAlaCSln 
^SrOGGGMG TCCAGCWjfrr CS^ftGMGSrS GiTi'iUJAQS 2950 
SerdyAspV alGElrtSlnlli ^Ls'sLysVal ValEheCaiiG luEheniirfts 
TOGKKXTIT iOCftOCDCT •QajmSflQG GRftCZOTOG 3000 

pGELySerEhe Tlir^SlnEEdL euCTyrftrgGl i<31uLeuAsn GLijEiiSLaaG 
(SOCnOOS QOOaJflMA I^Csl^SCPiS^ TIXSiMSKSA TftHCyiUyiA 3050 
li^jeuLaiSL yPcoTyrlle ArgftlaiSLuV alGLuA^ias nlleValVal 
iiCriTCW^ iia3^33CCIC TGGiaXTRC •iOJi'lt'llATr CTaGTCCmr 3100 
ThrEheLysA srtSQiiAlaSe lArgEroTyr SerHieTyrS erSerlfiuIl 
TEdTKIGaC GaacailGaGS GftCAfiOGfiGS ASZ^AOCmS^ ASAAfiGITro 3150 
eSerTyrAsp GLuAspGLuG lyGtaSLyAl aGluEraArg ArglysEiieV 
TCftAOxnsA Txs^AaasAAA MTTficrrrr OGAARGaxacA qcaickekig 3200 

alAsnProAs ri31\j£ltrtljys IleOycSien? rgSLy^alGL riHisHi^bfet 

GC3m30A MsmsfiGiT KsoGcaaA QcnoQacTr Ai'i'mciuA. 3250 

AlaEKfltidj ysa^)Ca.uHi eftspCysLys AlaTEpftl^ yrEheSerfts 
' mri U A I iT l G GaGAASGRTC T330CAQS CTIGATIGGA OOOCTICIGA 3300 
jj7alRspLeu GluljysAspV alllisSerGl itoilleGly EcoLeuLajI 
'lUlG O aa c aG TaaCACaCIG AfiOXIOCIC A!IQ3Sm3^ 2GlXSCM3rG 3350 
leCysfttrgSe rftsriQirliaa AsnPraaiaH isGlyArgCSL nVallhrVal 
C3^3GRGmG (XCTQGflTIT CfiCDOMTC (SmSftGRCIA AtaOCIGSm 3400 
GtoSluItoeA laLeuVallh eqflirlleEhe AspGl\j!IlirL ysSerTcpTy 
Cri!CK:j!^ Rl^rniOGf^ 3450 
rlh^EhrGlu AsnLeuGlTA rgftsnCysftr gAlaPiroCys AsnValcaiiL 
TOaOGROaC TfiCICI»AAA GAAAfiCna: QCnOCSIQC A?fflDCaAa3QC 3500 
ysSiuA^Pr dlhrijeuli^ GELijasnEtieA rglto^ElisAl alleAsnGly 
OSmSIGRfiQS MZOCJIOX TGGCTE^Sm ATQQCKS^ MDCftAAfiOGfT 3550 
Hyx^diUj/sk sgcflhrLeuEr oGO-i^jeuVal IfetAlaGanA. spGOriLysVci 
aXBRIQGfEKT CIQCT3QCA TCOaCKQCaA OGAAAACaTr CmOCftTIC 3600 
lArgTcE/Tyr LajLeajSerM etXSLySerfts nGa.\jAsnIle HisSerll^ 

jjcncaGiGs ae m u iuric AcrenoaGA AAAA?m33A iaaiRAAftTO 3650 
isEtosSecGO. i«isVal£l3e UirValftri^ ysSLysGLxjOQ. ifTyn^'i^t 

QcaGficracft. Aocicis^roc Aoyiui'mT gagsctsiqs AAATGcmc 3700 

AlaValTyrA snLeuCCyrEr oGLyVallhe (SLiflhrValG lutfetLeuEr 
MoxAftGiT osAaaccQQC GsaMSMOG cxrnmoGGC GAGCACcrac: 3750 

oSerGOnVal GLylletCcpA rglleGlijCy sLeuIleGly GlijHiSI^uG 
AftQOaQQGAT GfiGC20X:TC TTICIGSIGr TOOGAfiGAA. GIGIGMaCT 3800 
InAlaGli^fe tSerTMieu EtieLeuValT yrSerlysEy sCysGLrflhr 
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cxsdGoacs^ T99C?nca3C5 iocmaGA GaarrrcAca TEOGcnc 3350 

EEoLaioELyM etAlaSerGl i«isIleArg A^EheGGLnl leflhrftlaSe 
2G3£3if!nsa G3RC?OQG3 CX323WiQCT G3CmaCIT CS^naTTCOS 3900 
iGIi<31iiiyc GlySlrflipA laProlysLe lAlaArgffjeu Hi^iyrSerG 
G?aCftAICftA TOCX^IGGaOC ACX3«QGfiTC OJiTl'lOCJIG G?m3ift3GfIG 3950 
lySerlle?^ nAlaTrpSer ThrLYsAsEiP roEbeSerTr pIleEysVal 

Gaau i L Ti GS caaosflGar TATKaoaoc MCAiGAcn: aqgqgqcxxg 4000 

A^iljeuLeuA. laEtriyfetll ell^IisGLy Il^tflhrG InSLyALaftr 
(XSiCMGnC TOCS^XCICr ACCa&TCICA GiTimUATC ATCTCfiCfiGIC 4050 
gGQnlysrtie SeESerLeLff yrValSerGl nHneTlpTle IfeHEycSerL 
TOGKUGCSGAA CAAGIQQCftC AGJITOOCGSG QGRATrOCaC QOgOftCCTIA 4100 
aiAspGO-yAs nly^ItpHis SerTyrftrgG lyAsnSerTh rdylticLeu 
A iUJiLTIC T TIQ9C3^fiDGfr aS^ITCMCT QQSftTCAAftC ACAMMTTT 4150 
MstValHieP laeGQyAsnVa lAspSecSer Glylleli^ isAsnlleEti 

•Ei^ftOaCTOC^ 4200 
eAsnEnoEco llellealaG IriTyrlleftr gLeuEiLSEro UirHiEfryrS 
QC3aOCX3CAG OOCITOQC MOGaOCJICr IGGGCnGIG^ CITCftftCaGT 4250 

«IQ3^3CMIGC: CX3C?IG9GGfiT QSfiGaGfEAAA QCaMMKaG MQCTCfiGaJr 4300 
QysSerMstP roLajGii^fe tsGluSerlys AlalleSerA spAlamnTI. 
CamUUL'lUS TOCiaDCTAA QCftGIMQCT TaOGaCTIOS TCDOCTKrC 4350 ' 
^IhrftlaSer SeriyrLeuS erSsEitetLe xAlaHirTip SerEroSerG 
AMOOCISGCT QCaDC3GC3«3 QQCJm^Cm 4400 ' 

InAlaftrgLe liHisLeuGQn GlyArgThrA snAlali^Ar gEcoSLnAla 
MOSftaJOlA m3?GI!33^ 4450 
AsnftsnEixJL ysGtLuttipiLe iiglrivalftsp EheArgDyST htlfetl^Va 
CaC3«3AATA. ACCfiCOCaQG G9E3IGAAKrC TCICCTCMC AGCSmSIKEG 4500 
lHhrGlylle Ha^JbrSlrG lyVcQlirsSe rLeuLeuIle SenfetoyrV 
aGaAQGfiGIT OCTCaaCIOC A3IW3ICAfiG MQGCX^aaA CTGGfiCICIG 4550 
aiTygfflnPh ^LeuHeSer SerSerGltiA seCSbfilxsP^s rtTcpOlinjeu 
TTKSnOGA \ftm3aC3^A^ OVfiGJiLTiC CfiGGIGaAZ^ GQGftCiajDC 4600 
Phrf-aifyinA srtSlili^a H^^allbs GlnGlyAsnA rgftspSerSe 
(aa3C3C3GiG a3GA?m3ic TCGAACoxc GcaoGfiaacjr oacrnxsroc 4650 

rThrEroVal ArgftsnArgL euGluEroEr oLeuValAla AcgTyrValA 

QociGCsm: qcsgrgctog goxrccaca ToaacciGaG gciqgagsic 4700 

rgLeUHisEr oCSliiSerTrp ALaHisHisI leAlaLeuAr gLeuGluVal 
CIQG9CTOCG iOOXAQCA QOGCGCCIGA CXXX309XTC TOaOOOOCIG 4750 
LeuGliCysA j^mirGtaGa nEcoAla, . . 
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1CICXX3CIQC CTXCTQCDC TOTOCXXXaCG GCnDOCMC AM3CTE?flTCG 4800 

MaOOGIOSA QCGftGnCIT CIGM33GG2ffi OGGCRZfflAAA AAGACfiGAaT 4850 

AAAsarftGG GSfiGnoGsr ajmui ' ios caaasGfiTC TftOGAaooac 4900 

TfiGTOMOGA GfTIOaaCftCr OOCTCTCIQC QCGCTOGCTC QCTCftCIGftG 4950 

0000000006 CAAftOOOOOG QaSICGOOOG AXTTTOGTC QOOOOOOCK: 5000 

imsmsAG oGfiGooagcA oaGfiCBGftGfr ooocaftaxc oooooocedc 5050 

OGOCIQCfiQC OC3^GCIX3Ca!r TJ^AOXSAMnS QOCSmaaOC QGGGZOm: 5100 

QSmOOGfEA TIQQQCQCrc T TmyriTCC i mCTCftCTG AJDOQCT3G33 5150 

rTOOSiggrr rmrrGCogr! fiAOOosiajn axtecto ca. AaoGOOOigA 5200 

rrr^msTmir fww3^KiCA nmGMaaa^ caosaAaGAA cajsiGAGCA. 5250 

AAT^ogocftQC AAA^^floocaG ciAamarj^ A annnnoQcsr iQcnooosiT 5300 

TTTOoyiaQG rnrmocooc rrcaaGaQCA. TTATAfiAAj^ ciGftoac?Km 5350 

r?Tr!afisQSiG crFiAaMrao ^ywYacnar AA ^^TAnnR oaoGfinGOC 5400 

mrcftaQCT nrnrasim? mnimGiT noHftOGcnG n nocmaQCGS 5450 

Aiaaaxgioc GTwirmc: CTjrrcig^ ggixy rrrTr TCTCftftJxgCT 5500 

raooCTGiaG fTmiCTcaGr TTYr?roiaQS n rr?iTO3CTc; CRfiOCTOggc: 5550 

frmraGcaoG ^^arrrrrrrTP TrwrnoGAC (TniQGaoCT T ftiiaoGGasA 5600 

OmKXSKTr (WTTXTOAaQC fTGE^aGSCfi rrw:?riMO S OCftCTOQCaG 5650 

naocraciQG T^ATvrpncaTr ;^ncsGflQOGfi or?rATSi!RQa aoCTOCTftC^ 5700 
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GfiGrPCTTOA. NSB33IX33CC TAaCTaa33C lacaCTSg^ QGaCftGflMT 5750 

IGCjimCIGC QCTCT3C?rGA IGOCIGITPC CTJOGCaAAA. M^GTJXSSm. 5800 

GCTCnG?gC CG3£3^ftfiCftA. MgrnSCTG GmSOGGTGG TnnTD3IT 5850 

TOGaaOGAQC: A3?gTA0QCG CfitaAAAAAA. QGftTCICAaG A?¥3a3XXnT 5900 

GiftlCTmCT P0333SKnG AOSCTCaGIG g^^CGRAAaC TCACX3ITA?^ 5950 

QGfiTmGCT CailGaGaTIA. TCAAAAfiOGA. TCTICfiOCrCA GftTOCmTA 6000 

AanAAAftar GAaGirriaA. McaarciAA. aoiaiiftTftiiG ACTAAacriG 6050 
GiciGacaGr Ta cx^^aiGCT TAAircaGrKS^ gqcaoctotc axsQaarcr 6100 

ylGellreS ueL. . .siHo rPlaV. . .gr AueLine^pA 
GICmmCG TICMOaCMEA. GfITQ0C?]X3AC TOOCOSEOGrr GTIJ^SMEAACr 6150 ' 
psAeUulQi sAt^rlUe LnlGgcftlaV ylQgrAgrftr hTreSueL. . 

ADGMaasocs AQOOcmaac MCiGoaaac agiqciqcsa noAasoDQaG 6200- 

.reSlaVorP carPireSlaVb dyfcilGyiGpr TsiHilGueL reSlaValftu 

1C20333CIC CZmnTftTC AGCaAIAAAC CSGOCaQaDG 6250 
eLylGQaVce SlaVorPulG npTnsApITu eljjeLiueLyl GaTAi.TeTgrA 
GAZmXK33A QOQCaGAAGr GGfTCCTGCZ^ 630O 
ehBorltirAa lAsyCehPsi IftjsAnlQjeL s^CiellgrAg rSprTylGrii 
TCEKnaAIT GnX3C0333A NXHS^SMSEk AGaaGTiaSC CS^GTIAAaS^ 6350 

T nsA nsAylGorPu eL. . .iieajae LiyTlisAalA usL. . .rym 

TTIQCXXftAC GnGITOCEA TIQCiacaGG CSOCXJEGGflG TCftCQCTCCfr 6400 
sZ^alAsyQgr AnlGnlG^jrT nlG. . .ijeLs yOgrAorEdi TlaVceSriff 

(jb Tri ut:; .L!ft T GgCTicmc agctoj3G?it eaeAAOGarc AflOGCxaaGrr 6450 

i±(IiilGi:yTo rPs^liteM. . .reSgrAnsA ylGG^Vellu eLalAueL. . 
ACZmsmXC CCAIGriXSDG CAAAAAAQCXS GTEAQCTOCT TOQCaDCCTaC 6500 
.t^feUylG prTdflPriirs jOdiPuf^r P. . .reSgrA grZ^ssAulGr 
(aanJITCflC AGAfiGEAAGfT TCGCXD3CaGr GITATCACIC AIQGm!IX3G 6550 
GSgjStnLG. . .dtiPr/Trta orltirAueLr hOtelllaV. . .orP. . .orP 
CRQCACIQCA TAAIITCTCrr ACIGIC2m3C Ca[[GCX3IASG AIQLTiTiLT 6600 
ng>T.laV al At- yBisAulG. . .iiLG. . .alA b^ftrAudLiS llreSsyLnl 
GTGaCTQGflG AGEfiCICAAC CAAGIGA3TC TS^GJ^ATAGT 0150003305 6650 
GreSnlGsiH rhEceSueLp rTdlTbd^ JajeTelTttg ryTalAalAl 
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AoaaGfiTOC TCnocojaG OGSDamos QG3m^ATRa: ooooa^^ 

aVreShsftre SsitylGcarP rilTi.TPTilaVo rPr/EryTtp: AalAlaVryT 
QCaGaZOTr AAAfiGKTTC AICmQSAA AflOGTK^ 

syOdiPsylu eDueLalA nlG^ laVhsA^ilo rlfelAehPla 

CICIC3iaGGA TCTEZCOGCr GaTCSGKrCC J^GTTICCMGr 
V^rJ^ueLreS grftlaValftr hEreSaLlptt: OhsAreSrifl' laVfcarTulGs 
<IQCaO0C3«C TSAICnCAG GftTCTITEAC TITCftOCaGC: GmCIQQST 
iHLaVisETce Sellsi^iiJieL t^fe^li. . .s yL. . .pirltpr J^siCriLGdir 
G?^3CaftftAftC MG?^»3Qa^ AAA^^ AZm30G2OV 

ui^LueLehPu ^LeM&lA^ Psil^rAneTi diBorPeihPu ^LorEreSLa 
OGGAAMGrr GazaaCICKP ACILTHXTi' TITCAMarr AnXSAflQCftT 

V5reSelInsA ehPlaV, . .1 

TjmCfi G3Sr TATIGICK3V. TCSGGGGMA CSOaimGAA TSIMTiaCS^ 
AAAKCAAaCA AftTAGQGGIT (XQCGCTOT TKXXXGAAA AGIGOGACCT 
GS^aSOCEASG AAftaCMTEAT TfiaCAIGSCA TZMOCTaSCA. AAAMEfiQQCG 

oMCfiOGaGS cxmrccfic TOaoGCJGnr oaoiGAiGac ocsiGAAAftcc 

TCrcSOOff QCJSOinOCDG GfiGACQSICA CaQCTIGICr GIAftQOaQKr 
OaOQQGBQCA GfiCAaOaaOG TCaGQQCXaOS TCfiQOQQgiG TIGQCGGSIG 
TO93G9CIGS CrTft20MG CQ9C2^!IC3^ QCfiGKi'IUm CIG»G?^3IGC 

imasaQOG caxsics^MTa. cxxscacaGftr gcgimqgrg AAAamxisc 
anr wYsxAAT iCTRAaosTT AftTKnnCT gg^AAancQC GirAAamT 
TOTBwgCA QCJCMTiTiT laaccAMiaG QCxiswaaG QCg^AAarooc 
TisYEftAMT^ AAaGAftjaGs^ O0Gg^G?aaQ3 GrrroaGTCTCT GarocaGaTiT 
QSAacAaGSff mnr!ftCT!A!rm A?^gg\A03iQG KTO3^ao3r caAaoaacG?^ 
AAAscggicr Airaof^gga^ Toacrracift osiGAAOcaT caoccTAMC 
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FIGURE 6 (cont.) 

10 20 30 40 50 

1S>?4Rfi7890 1S>^4567890 1234567890 1234567890 123456789Q 

AafTTTITIT^ fyr?I03aQ3r GOOSfEftAaOC ACTAAMTEG AaOXng^Aftn 7650 

frarnrro? ATnaGaoCT TCftomaA M30Ci33CX5^ CGiGQOGaGA. 7700 

^varrg^?v«gsA af^g^AaojSAA j^QsaocoGGC Qcngmm: TOacftgOTCa? 7750 

^ nrrry?iracg oTrrGGGEftA oaocacacc OGOoacoCTr AfiJGOGOOGC! 7800 

TOT^ yrmgc (TrmgoJcaT TOaocfincft QgcTAoac?A cictiqggaa. 7850 

mfYrgggag nrrngaccic Tia3CTairm a30caQC?iGS cngcaoggGS 7900 

rrrrym333 Q3sr 7914 
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